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By M. L. TAINTER 
Sterling-Winthrop Research Institute, Rensselaer, New York 


. . PAIN IS PERFECT MISERY, THE WORST 
© OF EVILS; AND, EXCESSIVE, OVERTURNS 
ALL PATIENCE. 


S° cried Milton in Paradise Lost!; but the somber concern of the poet 
three hundred years ago, unfortunately, is still too much with us 
even today. Hence, the urge that draws us together in this conference to 
scrutinize the achievements of the recent past and to cast exploratory 
glances into the near future when, we hope, pain will be so completely 
controllable as to be no longer a major cause of anguish or suffering. 

The history of man’s continuous struggle to alleviate pain extends 
back through the centuries to earliest man. The story begins as thin 
threads of legend, fact, and fancy winding their way through the early 
ages in mythological writings, through the cultures and religious rituals 
of the ancient Hebrews, Egyptians, Greeks, and Romans, perilously sur- 
viving the Dark Ages, to emerge into the great modern era of synthetic 
analgesics, anesthetics, and narcotics. These developments are truly 
monuments to the creative genius of man. 

The long story of the origin of modern analgesic drugs may be divided 
into four major eras. The first of these-was characterized by man’s dis- 
covery and use of natural plant products; the second, by the isolation 
of the pure alkaloids from these natural sources and their first use as 
therapeutic agents. The third great era of progress consisted of the de- 
velopment of organic chemistry with the consequent introduction of the 
first synthetic analgesic drugs. The fourth, or modern period, has been 
characterized by the development of quantitative pharmacological meth- 
ods of testing making possible the systematic development of synthetic 
drugs which are even more potent than those produced by nature. 

The first of these great eras began with primitive man’s groping in 

the darkness of superstition and early religious mysticism. Probably 

the earliest attitude of our aboriginal forefathers toward pain was to 
consider it as a demon or evil spirit. Efforts were made to appease, or 
frighten away, these pain demons with rings worn in the ears and nose, or 
“with amulets, tiger claws, talismans, and similar charms to ward off the 
evil spirits of pain. In addition, the bodies were often tattooed or scarified 
to frighten away the demons. Gradually, these procedures were replaced 
by the medicine man, conjurer or shaman of the tribe. He muttered 
magic incantations and wrestled and fought with the invisible pain de- 
mons, and then later in history gradually began to administer natural 
remedies selected through empirical observations. As the centuries 
flowed on, the medicine man was slowly replaced by the priest, who was 
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considered the servant of the gods. Along with the natural remedies, the 
priest relied on prayer, and the fate of the patient was thus entrusted 
to a higher power. The classic example of this era was the blond god- 
dess Agamede of the Greeks who was considered to wield exclusive 
power over the demons of illness and pain. 

Numerous examples of the intertwining of religious lore with medicine 
might be cited from the Bible. The story of the creation of Eve in the 
second chapter of Genesis? may be considered as an allegorical descrip- 
tion of an early painless operation: 


And the Lord God caused a deep sleep to fall upon Adam, and he slept; and He took one 
of his ribs, and closed up the flesh instead thereof, 


With the birth of Christianity, a new concept of the relief of pain 
developed, based on divine healing through laying-on of hands and 
prayer. One of the primary tasks of the Son of God and his followers was 
the banishment of the suffering of all mankind. Therefore, the church of 
the Early and Middle Ages devoted much attention to the healing min- 
istrations of its clergy. 

The origin of the medicinal use of herbs is lost in the obscurities of an- 
tiquity. It is probable that early man, experimenting with various plants 
as foods, discovered that some of them were efficacious in assuaging pain 
and curing disease. It has been suggested that the early herbalist, find- 
ing that his skill brought him special prestige and profit, surrounded his 
knowledge with mystery and cant, thus identifying himself with the 
gods and increasing his importance and success. At any rate, the in- 
cantations, the amulets, and the rituals performed to call forth the mer- 
ciful intervention of the gods were indispensable adjuncts to the pre- 
scriptions concocted by early physicians. The mystic herb concoctions 
and other professional secrets were handed down by the sorcerers, magi- 
cians, and sacrificial priests so that from this arose much of the natural 
science among the peoples of ancient Babylon, Egypt, Israel, Eastern 
Asia, Greece, and Rome. 

The “divine drugs of sleep,” and syrups that produced insensibility, 
were prominent in all ancient cultures. The earliest records recount leg- 
ends on the effects of such plants as the poppy, mandragora, hemp, and 
henbane, whose narcotic properties gave comfort to all sufferers. The 
writings of Hippocrates, Pliny, Dioscorides, and others contain many 
references to the production of insensibility to pain by the use of alco- 
hol, alcoholic extracts of opium, or the administration of mandragora or 
other stupefying drugs. i 

The first written records mentioning remedies for pain are probably 
those contained in ancient Babylonian clay tablets said to date back to 
2250 B.c. One of these describes a remedy for the pain of dental caries 
which, according to Prinz,3 was a cement consisting of henbane seeds 
in powdered form mixed with gum mastic, which was applied to the cay- 
ity in the tooth. The Ebers Papyrus, reputedly written in 1552 B.C., Con- 
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tains a collection of early Egyptian prescriptions and formulae, some of 
which contained opium, henbane, and mandragora. A prescription con- 
sisting of opium, coriander, wormwood, juniper, and honey is described, 
which, according to legend, was a remedy of divine origin which Isis pre- 
scribed for Ra’s headaches. 
The Iliad and the Odyssey of the Greek poet Homer, presumably 
written during the ninth century 8.c., both contain references to the use 
_of analgesic drugs for relief from pain. In the Iliad, Erypylus, wounded 
in battle, makes this request of Patroclus: 


With lukewarm water wash the gore away, 
With healing balms the raging smart allay, 
Such as sage Chiron, sire of Pharmacy, 
Once taught Achilles, and Achilles thee. 


Patroclus carried out his request and: 


Cut out the biting shaft; and from the wound 

With tepid water cleansed the clotted blood; 

Then pounded in his hands, the root applied 
Astringent, anodyne, which all his pain 

Allay’d; the wound was dried, and stanched the blood. 


In the Odyssey, Homer records that Helen, the daughter of Zeus, pre- 
pared a drug, possibly opium, dissolved in wine, to sleep off grief and 
anger and to forget pain: 


Presently she cast into the wine whereof they drank, a drug to lull all pain and anger, 
and bring forgetfulness to every sorrow. 


According to Macht,‘ the first authentic reference to the milky juice 
of the poppy is in the writings of Theophrastus in the third century B.c. 
The mandragora plant, or mandrake, is also described by Theophrastus 
in his Enquiry into Plants,’ as follows: 


The leaf of mandrake, they say, is useful for wounds, and the root for erysipilas, when 
scraped and steeped in vinegar, and also for gout, for sleeplessness, and for love potions. 


Seribonius Largus in his Compositiones Medicamentorum, written about 

40 a.p.,° described the method for procuring opium and pointed out that 

_-the opium of commerce was derived from the capsules and not from the 
_ foliage of the plant. 

Probably one of the first references to analgesic pills was made by 
Celsus’ in his De Medicina, written during the first century 4.D., which 
reads: 

Pills are also numerous, and are made for various purposes. Those which relieve pain 
through sleep are called anodynes; unless there is overwhelming necessity, it is improper 
to use them; for they are composed of medicaments which are very active and alien to the 
stomach. There is one, however, which actually promotes digestion; it is composed of 
poppy-tears and galbanum, myrrh, castory, and pepper. .-- Another, worse for the 
stomach, but more soporific, consists of mandragora, celery seed, and hyoscyamus seed, 
which are rubbed up after soaking in wine. 


Also in the first century A.D., Dioscorides, who served as a surgeon in 


e 
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the armies of Nero, wrote so extensively on drugs that he has often been 
called the Father of Pharmacy. His Greek Herbal, which has been de- 
scribed as the first materia medica, contains rather detailed discussions 
of the botany and medicinal uses of the opium poppy, the mandragora 
plant, henbane, and hemp. As can be seen from the following lines taken 
from the section on Mekon agrios & emeros, as translated by John 
Goodyer in 1655,°* Dioscorides plainly distinguished between the juice 
of the capsules of the opium poppy and extracts from the entire plant, 
and described exactly how the capsules should be incised. 


But it behooves them that make Opium after that the dew is dried away to scarify about 
the asterisck with a knife, so that it do not pierce into ye inside, & from ye sides of the 
head make straight incisions in ye outside, & to wipe off atear that comes out with ye finger 
into a spoone, & again to return not long after, for there is found another (tear) thickened, 
& also on the day after. But it must be beaten in a mortar, & be laid up when made into 
trochiscks, but in ye cutting it, you must stand back, to ye end that the liquor be not wiped 
away of your clothes. 

Ye seed of the black Poppy beaten small is given to drink with wine for ye flux of ye 
belly, & ye womanish flux. It is applied unto such as cannot sleep with water upon ye 
forehead and the temples, but the liquor itself is more cooling & thickening & drying. A 
little of it taken as much as a grain of Ervum, is a pain easer & asleep causer, & a digester, 
helping coughes, & Coeliacall affections. But being drank too much, it hurts, making 
men lethargicall & it kills. 


Dioscorides also gives a good description of the drug mandragora®>: 


And some do seeth the roots in wine to thirds, & straining it set it up. Using a Cyathus 
of it for such as cannot sleep, or are grievously pained, & upon whom being cut, or cauter- 
ized they wish to make a not-feeling pain. Ye juice being drank ye muchness of ye quan- 
tity of 2 Oboli with Melicrate, doth expel upward Phlegm, and black choler, as Ellebore 
doth, but being too much drank it drives out ye life. 


We may infer from these and other statements of Dioscorides that the 
collection of opium was definitely a branch of industry in Asia Minor 
during the first century a.p. 

At about the same time, Pliny the Elder described mandragora in 
language that leaves no question as to its use as an analgesic’: 


Yet it may be used safely ynough for to procure sleepe, if there be a good regard had in 
the dose. . . . Also it is an ordinarie thing to drinke it against the poyson of serpents: Like- 
wise before cutting, cauterizing, pricking or launcing of any member, to take away the 
sence and feeling of such extreame cures. 


The dosage forms of opium, mandragora, henbane, and hemp used at 
this period were crude extracts, syrups, powders, pill masses, poultices, 
ointments, and various complex concoctions dissolved in wine and other 
alcoholic beverages. 

Galen, in the second century a.p., spoke enthusiastically of the vir- 
tues of opium and mandragora. He mentions the use of mandragora to 
paralyze sensation and motion, the use of the tears of the poppy ina 
toothache prescription, and other “syrups of sleep” to relieve suffering 

The teachings of Galen dominated medicine for more than the follow. 
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_ ing thousand years, and during this time few advances were made in the 


field of analgesic drugs. 


_ As the ignorance and superstition of the Dark Ages settled over Eu- 


_ rope, the center of medical knowledge shifted to the Arabs. Avicenna, 


\ 


the dominant figure of the Arabian school of medicine, codified all avail- 


able medical knowledge in his Canon of Medicine, and this, translated 


into Latin, became the authoritative medical textbook of Europe for 


_ six centuries. According to Robinson,!® Avicenna discussed fifteen types 


of pain: boring, compressing, corrosive, dull, fatigue, incisive, irritant, 
itching, pricking, relaxing, stabbing, tearing, tension, and throbbing. 
Both Rhazes and Avicenna advocated the use of opium, mandrake, and 
henbane, but these were still used in the ancient prescription forms of 
crude extracts, syrups, powders, pill masses, and other complex concoc- 
tions of the crude drugs. 

The somniferant sponge became quite popular in Europe during the 
latter part of the Middle Ages as the medical knowledge of the Arabs 
gradually crept back into Southern Europe. The 4 ntidotarium of Nicholas 
of Salerno" contains the following description of the preparation and 
use of the “Spongia Somnifera”: 

Take... of opium thebaicum, juice of hyocyamine, unripened berry of the blackberry, 
lettuce seed, juice of hemlock, poppy, mandragora, ivy. ... Put these all together in a 
vessel and plunge therein a new seasponge just as it comes from the sea, taking care that 
fresh water does not touch it. And put this in the sun during the dog-days until all the 
liquid is consumed. And when there is need, dip it a little in water not too warm, and 
apply it to the nostrils of the patient, and he will quickly go to sleep. When, moreover, you 
want to awaken him, apply juice from the root of the fennel and he will soon bestir him- 
self. 


The origin of our modern tincture of opium or laudanum dates back 
to that famous physician of the Middle Ages, Philippus Aureolus The 
ophrastus Bombast von Hohenheim, commonly known as Paracelsus, 
who lived from 1490 to 1540, and who did much to overthrow the domina- 
tion which Galen had exerted over medicine for centuries. Paracelsus 
probably applied the term “Jaudanum” (something to be praised) to 
several different preparations, all of which contained opium as the basic 


~eonstituent. The laudanum of the early London pharmacopoeias con- 


tained opium, wine, and other ingredients. The principal liquid prepara- 
tion of opium used in England in the next century was Sydenham’s 
laudanum described by him about 1670. Near the same time, another 
preparation, called Rousseau’s laudanum, was much in vogue on the 


- continent. 


The so-called “black-drop” was another celebrated opiate of the 
eighteenth century. This preparation was devised by one Edward Run- 
stall of Auckland and was also known as Lancaster or Quaker’s black- 
drop. A formula for its preparation is given by Macht! as follows: 

Opium, } pound; verjuice, 4 pints; nutmegs, 14 ounces; saffron, $ ounce. Boil, add two 
spoonfuls of yeast and set in a warm place for six to eight weeks; then decant, filter and 
put in bottles. 
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This preparation was about three times as strong as laudanum and was 
the forebear of the modern English Acetum Opii. 

Another familiar household remedy, “paregoric,” originated with the 
Elixir Asthmeticum of Le Mort, who was a professor of chemistry at the 
University of Leyden from 1702 to 1718. The word paregoric is derived 
from-the Greek for “soothing” or “consoling.” The London Pharma- 
copoeia of 1746 describes this preparation under the name Elixir Pare- 
goricum, and in 1888 the official name became Tinctura Opii Camphorata. 

Our modern opium pills, or Pilulae Opi, are descended from the old 
English Pilulae Soponis Co., or Pilulae Soponacae, which in turn are an 
adaptation of the nostrum known as Matthew’s Pills or Starkey’s Pills. 
The famous Dover’s powder of Thomas Dover of Robinson Crusoe fame, 
consisting of powdered opium and ipecac, might also be mentioned in 
passing. 

Thus, at the end of the eighteenth century, we find that opium, man- 
dragora, and henbane were the principal drugs employed for the allevia- 
tion of pain. With the exception of a few new prescription forms, these 
natural drugs were still used much the same as the Egyptians, Greeks, 
and Romans had used them two thousand years before. The hundreds 
of years of the Middle Ages had contributed little to man’s search for a 
more effective analgesic agent. Despite its manifold contributions to the 
other sciences, the Renaissance had made a disappointing record in its 
contributions to the relief of pain. The active principles (alkaloids) of 
the natural drugs were still unknown and it was therefore necessary to 
administer the natural drugs themselves in crude form. The potency 
and action of these crude extracts and concoctions were unpredictable 
since there were no methods for standardizing the dosage, and no way 
to control the strength of the raw products used in their formulation. 
Therefore, progress in the field of analgesia reached an early stalemate 
and had to wait to be revitalized by new ideas and concepts. 

The new idea, which initiated the second great era in analgesia, was 
introduced by the young German apothecary, Friedrich Wilhelm Adam 
Sertiirner. Although a relatively uneducated apothecary’s assistant, 
Sertiimmer conceived the idea of isolating the active constituent of opium, 
developed sufficient skill to obtain the product he desired, and then 
with true scientific fervor proceeded to carry out, not only preliminary 
pharmacological testing on animals, but also clinical applications upon 
himself and his poor unsuspecting friends. His first paper published in 
1806” was ignored, but eventually the importance of getting pure crys- 
talline drugs out of previously crude and uncertain mixtures was rec- 
ognized, and led to the new science of alkaloidal chemistry. Sertiirner 
first called his new material Principium Somniferum, then in 181713 named 
his new alkaloid “morphine” after Morpheus, the Greek god of dreams, 
who was one of the many sons of Hypnos, god of sleep. It is perhaps indic- 
ative of the importance of analgesia that the first alkaloid to be isolated 
was morphine. 
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Sertiirner’s work quickly led to the isolation of other opium alkaloids 
such as codeine in 1832 by Robiquet," thebaine by Pelletier in 1835, 
and papaverine by Merck in 1848.16 It ushered in a most prolific scien- 
tific period characterized by the extraction and purification of most of the 
important alkaloids from their natural vegetable sources. The isolation 
of quinine, strychnine, cocaine, nicotine, atropine, brucine, emetine, 
narceine, veratrine, caffeine, theophylline, etc., followed quickly on the 
heels of Sertiirner’s pioneering discoveries. These natural alkaloids 
quickly found wide applications in medicine which have largely persisted 
to the present day. 

The foundation for an entirely new era, the third, in analgesic science 
was laid in 1828, when the young German chemist, Friedrich Wohler, 
reported his synthesis of urea from inorganic materials.” Urea had been 
known for years as a product of animal metabolism and as a constituent 
of urine. Its synthesis by purely chemical means broke down the old dis- 
tinction between organic and inorganic chemistry, thus causing the 
overthrow of the theory that a “vital force” present in living material 
was necessary for the formation of organic compounds. His magnificent 
discovery paved the way for this third great era in the development of 
analgesics, namely, the period of the first successful analgesic drugs 
made by chemical synthesis. 

This period began with the salicylates in 1827, when Leroux discov- 
ered salicin, derived from willow bark.18 Shortly after, salicylic acid was 
made from salicin by Piria in 1838,!° from oil of wintergreen by Cahours 
in 1844,20 and synthesized from phenol in 1860 by Kolbe and Laute- 
mann.2! Sodium salicylate was used for the first time by Buss in 1875,” 
and phenylsalicylate in 1886 by Nencki.” In 1899, Dreser*t discovered 
acetylsalicylic acid which he called aspirin from the German word ““Spir- 
sdure,” meaning salicylic acid. This is still the most popular analgesic in 
terms of volume of use. Acetanilid was introduced into medicine as an 
antipyretic by Cahn and Hepp in 1886, under the name Antifebrine. 
Acetophenetidin, or Phenacetin, followed in 1887.6 It was not long be- 
fore their importance as antipyretics was overshadowed by their real 
~ effectiveness as analgesics against many kinds of pain. 

In 1884, fifty-six years after Wohler, Ludwig Knorr, while searching 
for a synthetic substitute for quinine, prepared Antipyrine, a compound 
whose analgesic powers probably have not been fully utilized.2” Knorr’s 
synthesis of Antipyrine marked the beginning of the famous German 
drug industry and ushered in Germany’s forty-year dominance of the 
synthetic drug and chemical field. Aminopyrine (Pyramidon), a still 
more potent compound closely related to antipyrine, was synthesized a 
few years later in 1896 by Knorr and Stolz.22 This remained the most 

owerful analgesic of synthetic origin until recent times. 

In the fourth, or modern era of analgesia an increased understanding of 
organic chemistry has been coupled with new and quantitative methods 
of testing analgesic drugs. These advances have finally made it possible 
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to synthesize compounds which are better than those found in nature. 
The development of quantitative tests for analgesic power has been the 
crucial element in this era, since through these methods it became pos- 
sible for the first time to follow modifications in potency which accom- 
panied systematic changes in the chemical molecule. 

The lead was taken in 1929 by Small, Eddy, and their colleagues under 
the sponsorship of the Committee on Drug Addiction of the National 
_ Research Council. Their objective was to find a potent analgesic derived 
chemically from the opium group, which would produce the beneficial 
effects of morphine without addiction or undesirable side actions. The 
most important drug to evolve from these studies, Metopon, will un- 
doubtedly be given extended consideration in this Conference. 

Finally, in 1939, during a systematic search for antispasmodic agents, 
Eisleb and Schaumann” discovered that phenylpiperidine esters had 
sufficiently high analgesic power to be practical therapeutic agents for 
the control of pain. The most generally known of these today is the com- 
pound meperidine or isonipecaine. Introduction of this drug was im- 
mediately followed by its widespread use, since the new compound con- 
trolled pain and smooth-muscle spasm in a highly efficacious manner 
without many of the disadvantages associated with morphine. 

This recent demonstration that synthetic chemistry could produce 
compounds equal or superior in therapeutic value to the natural opiates 
has stimulated vigorous research, which has resulted in the synthesis of 
compounds of great scientific interest and probable practical value. 
Among these are several analogs of meperidine and a series of com- 
pounds with a different type of chemical structure, as represented by 
methadone and isomethadone. Several of these new drugs are even more 
potent in their analgesic effects than morphine. 

At long last, the synthetic chemist and the pharmacologist, with his 
modern concepts of quantitative pharmacology, have teamed up to 
evolve new drugs which already at the beginning of an era surpass the 
best that nature has to offer, and which are notable improvements over 
the preparations which were the sole pain-relievers for tens of centuries. 

Today, we.are assembled to summarize and to discuss these recent de- 
velopments, and to gain stimulus and insight into the future. If there is 
any such thing as “fecundity by association,” it is not too much to ex- 
pect that, in this Conference, there may be conceived a new major era in 
pain control, which ultimately will result in the birth of new modes of 
analgesia, effective beyond all the bounds of our present imagination. 
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CHEMISTRY OF NATURAL 
AND SYNTHETIC ANALGESICS 


By LYNDON F. SMALL 
National Institute of Health, Bethesda, Maryland 


A ee has been a marked tendency, in recent years, to explain the 
analgesic action of some of the newly developed synthetic drugs in 
terms of certain structural features present in the morphine molecule: in 
particular, a specific positional relationship of a tertiary nitrogen atom 
to a quaternary carbon and an aromatic nucleus. It is notable that most 
of these hypotheses have been evolved after the analgesic action of the 
drugs was discovered, and that they tacitly ignore many instances where 
the key structure is present but little ifany analgesic action is observed. 
The value of such speculation will be first apparent when new types of 
analgesics are discovered as a result of its application. As far as can be 
ascertained, both of the most prominent drugs under discussion were 
discovered in a search for spasmolytic agents. 

The first of these, Demerol, Dolantin, pethidine, meperidine, or iso- 
nipecaine was developed by Eisleb! in a study of condensation reactions 
of benzyl cyanide in the presence of sodamide. In the original (journal) 
description, benzyl cyanide and bis-(2-chloroethyl) methylamine were 
condensed, and the resulting nitrile subjected to hydrolysis and esteri- 
fication in a single step. 


C2 CHaCHs= N NH 
\ a 2 aN 
C,H3>CH,CN te UNCH3 => CeHs ¢ NCH, 
C2 CH3CH3 CN 


80% H2SO,4 
—_—_—__—_—> 


ETOH Bs ene 


COOEt 


Because of the disagreeable properties of the bis(chloroethyl)amine 

a powerful vesicant, efforts have been made to circumvent its use. Ae 

cording to the O. P. B. report,? the I. G. Farbenindustrie process ben- 

zylated diethanolamine, the product was then chlorinated, and con- 

densed with benzyl cyanide as in the Eisleb method. The resulting nitrile 

was converted to the ethyl ester, which was then catalytically deben- 
[ 12 ] 
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| zylated, and N-methylated with formaldehyde in a continuation of the 
reduction process. . 


i 7 CH2CHZ0H )CH2CH,OH 
SS 
CH,CH,OH CH,CH3OH 


aoe /CHsCH2C2 CNCH2C.Hs Ces 
gH.CH.N =e —+C,H.CH,N X 
CH,CH,C2 NaNH, CN 
C,H; Ho C,H. 
— C,H,CHN a CH3N X 
COO Et HCHO COOEt 


In the preparation of Bemidon, the m-hydroxypheny] analog of Dem- 
erol, m-methoxybenzyl cyanide is used in the sodamide condensation, 
and simultaneous splitting of the methoxyl and hydrolysis of the nitrile 
group are accomplished with 66 per cent hydrobromic acid.? 

A variation of the Demerol synthesis developed by Bergel et al.’ uti- 
lizes the condensation of two moles of the methoxymethy]l or vinyl ethers 
of 2-chloroethanol with benzyl cyanide. The labile ether linkage is then 
split by mild hydrolytic agents, and piperidine ring-closure performed 
by chlorination and reaction with methylamine. 


C£CH3CH20CH=CH2 


CN 
CgHsCHaCN + Vos 
C2 CHapCH20 CH20CH3 > CgHsC 
CH3sCH20CH30CH3 
hc CHs0H 
H CN 
nas SOK2 Vacan 
CH3NHo 


CH3CH20H 
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Although Demerol and Bemidon seem to be the most active of the 
piperidinecarboxylic ester types, they do not exhaust the potentialities 
of piperidine analgesics. A number of comparable ketones were investi- 
gated by the I.G.2 and found to be without particular promise. A differ- 
ent type of piperidine ester, studied independently by Jensen et al.4 and 
the Hoffmann-LaRoche group,’ appears to be more active than the Dem- 
erol series. These are derived from N-methyl-4-phenyl-4-hydroxypiper- 
_ idine. They are prepared by the action of Grignard reagents or organo- 
lithium compounds on 4-piperidones, followed by acylation of the 
organometallic complex. This is preferable to isolation of the free hy- 
droxy compounds, which show considerable tendency to go over into 
unsaturated systems on acylation. 


O—- Oo — QO 
N N N 
CgeHs OAcyl CeHs CgHs 
e  —— | 
N N N 
GHe CH3 CH3 


The most active of these appear to be the 4-propionoxy and 3-methyl- 
4-propionoxy derivatives, which are reputed to surpass morphine in 
analgesic power.® 


CeHs OCOC3Hs Cas  COCOCsH- 

H (CH3) 

N ne CH3@) 
CH3 CH3 


Since publication of the O. P. B. report? on amidon (10820, metha- 
done, Dolophine, Adanon, AN-148, Physeptone), there has eon wide- 
spread interest in its chemistry and mechanism of formation. The con- 
densation of diphenylacetonitrile and 2-chlorodimethylaminopropane in 
the presence of sodamide, or potassium ¢-butoxide, leads to a mixture of 
isomeric nitrile bases, the chloroamine apparently reacting through 
cyclic quaternary ammonium form.® 9 a 
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(CH3)2 
CHCN + alee (CH3) 2 CCH ancl 
CeHs5 CH3 CH3 
Ces CN3 COC3Hs CegHs CN-> COC3Hs 
mS ig Swed 
ans ~ 
CeHs Me oe (CH3)o Cats” aaa (CH3) 0 
CH3 CH3 
METHADON ISOMETHADON 


Treatment of this nitrile mixture with ethylmagnesium bromide gives 
methadone, and a ketimine which can be hydrolyzed with difficulty to 
isomethadone.”® 

The structures of these isomers have been demonstrated in two differ- 
ent ways, utilizing the corresponding nitriles. Bockmithl’ replaced the 
CN group with hydrogen by boiling in benzene with sodamide, and iden- 
tified the resulting products A and B by synthesis. 


GH CN C,H, CN 
6 Dice 6 =A 
C 
PX IPS 
CeHs CHaCHN (CHs)2 Cols FHCH2NCH3) 2 
CH3 CH3 
| Ha NaNHa | 
CeH CH 


5s (US) 
pee GaN CH 2 SCHCHCH2N(CH3)2 


(A) (B) 
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The synthesis of A involved the catalyzed reaction of benzhydryl- 
acetone with dimethylamine and hydrogen. B was prepared by applica- 
tion of the Mannich reaction to propiophenone, followed by a Grignard 
reaction, and reduction of the hydroxyl. 


CeHs HN (CH3) 2 C6Hs 
CHCH2COCHS + oan SN CHCH2 CHN (CH)2 
CeHs Ho C6Hs CH3 
(A) 
CgHs CO CH,CH,* C.H3COCHCH2N (CH) 2* CoHs OH 
iN 
CH, YE CHCHEN CHs)a 
Cotineue Gita 
C.H.+ Gt 
en 
= ~CCHCH 2 N(CH3) 2 Celta 
CeHs CH, “CHCHCH 2 N (CH3)2 
CeHs CH, 
(8) 


More recently, Schultz et al. subjected the two nitriles to exhaustive 
methylation, reduced the nitrile group, and identified the products by 
synthesis. 


eee CgHs CHaNH> Cote re 

| 

- | 
C-C=CH, ——> CCH(CH3), <— CCH (CH3)> 

caus ES CeHs Cette 

CeHs CN CgHs CH sNH5 CeHs CN 


COHSCH ~——>  CCH2CHsCHy <——- ¢ 
C.eH 
oo? ek CeHs CgHs C3Hy 


In addition to the two isomers: described i 
a third has been isol 
from the synthesis, whose structure is not now but it is eae 
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not the linear dimethylamino-n-heptanone type, which was prepared for 
comparison. 

Although it is at present not a practicable process, the methadone 
synthesis of Easton et al. should be mentioned for completeness. 

It is not certain whether the Germans succeeded in the complete reso- 
lution of d/-methadone. Among hundreds of clinical reports to the Bayer 
Pharma-Biiro (I. G. Farbenindustrie), only two or three physicians men- 
tioned experiments with the levo isomer, none with the dextro. A sample 
of “7-amidon” obtained by U. 8. agents in Frankfurt had a specific rota- 
tion in agreement with the present /-methadone, but a sample labeled 
“partly resolved d-amidon” was optically inactive. 

Thorp et al. in attempts to resolve d/-methadone as the d-tartrate, 
obtained only d/-methadone acid d-tartrate, and were forced to resolve 
with d-tartarie acid at the nitrile stage. From the separated nitriles, 
d- and /-methadone were readily obtained by the Grignard reaction. 

Brode and Hill, on the other hand, were fortunate in obtaining seed 
crystals of /-methadone acid d-tartrate, with which the major portion of 
the J isomer could be removed. Seeding the mother liquor with the dl- 
methadone acid d-tartrate removed an additional quantity, and from the 
regenerated dextro-rich base it was possible to obtain pure d-methadone 
by melting away the di eutectic. Isomethadone has also been separated 
into the optically active pair, but the method used has not been pub- 
lished. 

The ketone group in methadone and isomethadone is remarkably inert, 
but can be reduced to hydroxyl, most suitably with lithium aluminum 
hydride. Attempts to replace the hydroxyl of “‘methadol”’ resulted 
largely in the unsaturated compound. 


METHADON 
OH oN. 
C.H CHC>H Cee 
ee eae CHCH>CHN (CH.;) 
2) 32 
\ 
Coe” CHa CHN (CH) CeHs CH3 
CH, 
2-STERS 
C.Hs CH=CHCH3 CeHs 
es N CHCHsCHeCH 
‘S J 2 2 3 
fox 


CH3 
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Methadone is not attacked by Clemmensen reduction, and in the mod- 
ified Wolff-Kishner reaction of Huang-Minlon!* it undergoes an unusual 
type of split, in which the entire ketone chain is lost. The product, 
3-dimethylamino-1,1-diphenylbutane, is probably formed through de- 
carboxylation of an intermediate carboxylic acid. It was identified by ex- 
haustive methylation and conversion to 1,1-diphenylbutane.¥ 

Of the drugs of the morphine series, Metopon (methyldihydromor- 
phinone) will first be considered. This compound was evolved by Small 
et al.” in the course of a fundamental theoretical study of the remark- 
able reaction of thebaine with organomagnesium halides. The starting 
point of the synthesis may be either thebaine or codeine. Thebaine is 
hydrogenated to its dihydro derivative, which may be used as such, or 
hydrolyzed to dihydrocodeinone. The latter is also obtainable by cata- 
lytic rearrangement of codeine. Dihydrocodeinone or its enol acetate!® 
is brought into reaction with methylmagnesium iodide, which intro- 
duces a nuclear methyl group, probably at the 7-position, and opens the 
oxide ring. 


CH3 CH; 
N N 
Co: 
— 
cH,O é OCH; CH30 fo} O 


Dit YOROTHEG AINE DIHYDROCODEINOWE 
ee 
CH3 CHs, 


N. N 
CH3 gl 
H SUNS) 
CH,0 OH ‘o CULO ro) OAc 


METHYL DittypRO THEGAINONE. Enwot ACETATE 


It is curious that the ketone group is untouched by excess reagent 
but the morphine ketones are notorious for their indifference to RMeX 
compounds, and the carbonyl may be in the form of an enol organome- 
tallic complex. For closure of the oxide ring, methyldihydrothebainone 
is treated with two moles of bromine, followed by alkali. The undesired 
bromine in the aromatic ring is removed by hydrogenation in the presence 
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of a hydrogen bromide acceptor (or the alkaloid itself, functioning as 
such), and finally the new ketone, methyldihydrocodeinone, is demethyl- 
ated at the methoxyl with one of the usual agents, to yield Metopon. 


CH; CH3 
N N 
Br 
H NaOH Br H 
€ 3 CH3 
CH30 OH Bry oO cHo fo) Yo} 
Disromo INTERmeos are 1- BromomeéTH YL.DIHYDROCODEIN ONE 
CH3 CH. 
N we 
a HBr H 
Hs, CH; 
HO co} fo) CH,O fo) ya) 
METH YL DIMYDROMORPHINONE METH Y£. DIM YDROCODEINONE 


The abnormal behavior of the morphine ketones mentioned above 
has, until recently, made inaccessible the corresponding tertiary alco- 
hols resulting from the Grignard reaction. It is found, however, that this 
sluggishness does not extend to reactions involving organolithium re- 
agents.!9 Dihydrocodeinone reacts instantly with methyllithium to give 
6-methyldihydrocodeine, and, by the use of two moles of the reagent 
with dihydromorphinone, the corresponding 6-methyldihydromorphine 
is obtained. The latter is of interest for its prolonged analgesic action. 


NCH3 NCH3 
OH 
7 s / 
Some Hom = CHs 
DIHYDROMORPHINONE 6-METHYLDIHYDROMORPHINE 


Application of this reaction to other morphine ketones, especially to 
methyldihydromorphinone (Metopon), may contribute to knowledge of 
the relationship of nuclear substituents to pharmacological action. 
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EXPERIMENTAL METHODS FOR 
STUDYING ANALGESIA 
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GLASSMAN, ELIZABETH H. JENNEY, anp SALLY BOGOLUB 


_ Departments of Pharmacology and Clinical Sciences, University of Illinois College of 
Medicine, and the Department of Anesthesia of St. Luke’s Hospital, Chicago, Illinois 


Se pain is a subjective phenomenon, the testing of analgesic drugs 
in animals must, perforce, be limited to the determination of, and 
change in, their reactive thresholds. While this may correspond closely 
to their pain threshold, we have no way of determining for any species, 
except man, the difference between the reactive and the pain threshold. 
Because many drugs other than analgesics will also modify the reactive 
threshold, analgesic testing of new chemicals in animals must go hand in 
hand with a more extensive screening program to rule out such non- 
specific effects as hypothermia, methemoglobinemia, general shock, 
and curare-like action. 

While taste 1 summarizes the many methods (see Goetzl! for an ex- 


TABLE 1 


Meruops ror MrasurEMENT OF THE REactTIVE THRESHOLD In ANIMALS 


A. Thermal D. Chemical 
(1) Radiant heat (1) Acids, potassium 
a. Variable time (2) Croton oil wheal 
b. Variable heat : E. Pharmacological 
(2) Contact heat—Reaction time (1) Antipyretic effect 
B. Electrical (2) Potentiation of depression or co- 
(1) Cutaneous deine analgesia 
(2) Tooth pulp (3) Straub tail effect 


(4) Action currents of nerves 


a (5) Uricosuric effect 


(1) Toothed forceps 
(2) von Frey hairs 


— (3) Pressure 


tensive review) which have been utilized in the past to study analgesic 
and antipyretic drugs, only three methods with their modifications are 
now in general laboratory use. These are graded mechanical stimuli, 
graded electrical stimulation, and graded or timed heat stimuli. 


Mechanical Methods. Von Frey hairs, made of horsehairs of various 
diameters and calibrated on a balance pan, have been used successfully 
by Seevers and Pfeiffer? to determine the degree and duration of analge- 
sia produced by various opiates in man. Sensitive areas of the face must 
be used and multiple stimulation is required to assure several contacts 
of the needle with pain points. Under these conditions, the horsehairs 
are rapidly broken and must be replaced. To obviate this disadvantage, 

[ 21 ] 
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Seevers? has designed a mechanical algesimeter which allows a small 
weight to be moved along a beam so that a single needle may be weighted 
in a range of 0.10 to 20 grams. This simple apparatus deserves greater 
clinical trial for the study of changes in superficial pain (supain) in clini- 
cal patients. 

The toothed forceps and also deep pressure have been used extensively 
in laboratory animals to elicit a squeak or a squeal response. While 
potent analgesics will undoubtedly reduce the squeak response, no one 
has, as yet, published a graded mechanical stimulus which, when used in 
animals, can be validated on a careful statistical basis. 


Electrical Stimulation Methods. Various stimulators have been devised 
and used for the production of painful or irritative currents of high volt- 
‘ age and low amperage. When these stimuli are applied to the skin, the 
threshold varies widely from animal to animal and from one human sub- 
ject to another. From the data of Macht and Macht, who studied cali- 
brated inductorium stimuli applied to the scrotal region of rats, the 
ratio of the standard deviation to the mean is 58 per cent. In close com- 
parison with these data from the rat are those of Lanier® who applied 
condensor discharge stimuli to the skin of sixteen normal human sub- 
jects and found a wide variation (—80 to 300 per cent) in their normal 
pain thresholds. The ratio of the standard deviation to the mean of 
Lanier’s data is 56 per cent, a remarkable coincidence since the Machts 
were studying the reactive threshold while Lanier was studying the pain 
threshold. These variations are much greater than thresholds deter- 
mined by the radiant heat pain stimulus,® and thus electrical stimula- 
tion of the skin can be discarded as a method of testing for analgesia un- 
less better methods are found for reducing or standardizing skin re- 
sistance. 

Electrical stimulation of the tooth pulp was first used in dogs by Koll 
and Reffert,’and has been used by Ivy, Burrill and Goetzl® in man 
where an induced current of calibrated voltage is applied by means of a 
pointed electrode to an occlusal metal filling while a large indifferent elec- 
trode is clasped by one hand under water or saline. The tooth pulp, pre- 
sumably, contains only pain sensation so that only pain is elicited. It is 
possible to test both the lowest pain threshold (T1) and the reactive 
threshold (T2), which is the stimulus at which unbearable or severe pain 
occurs. In our limited experience, T2 is more influenced by analgesic 
drugs while depressant drugs may have a greater effect on Ty. Statisti- 
cal evaluation of this method has been made by Harris,? and also by 
Sonnenschein.!? The former found a low degree of variance if a single 
tooth was used in the same subject on a single day. Since analgesic test- 
ing is usually done in this manner, the method is very reliable. Care 
must be taken to apply the electrode to the same spot in the dry filling 
and the subject must apply a constant finger area to the indifferent elec: 
trode. Sonnenschein studied nitrous oxide analgesia by the tooth-pulp 
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_ method and found that with fifteen subjects a mean rise of 25 per cent 
_ in T, pain threshold had a p value of less than 0.01, while a mean rise of 
_ 25 per cent in T2 pain threshold in six subjects had a p value of less than 
_ 0.05. Since potent analgesics will produce a mean rise of more than 70 per 
cent in 'T and 50 per cent in T1, the peak changes are undoubtedly statis- 
tically significant. We are, at present, comparing this method with the 
_ graded radiant heat method as applied to the blackened finger pad and 
nail bed. We find the tooth pain thresholds to be reliable and to be the 
most easily affected of any pain threshold. The tooth pain is aching in 
nature and is, thus, probably subserved by protopathic nerve fibers 
which we have called ‘‘deepain.” 


Radiant Heat-Pain Methods. These may be divided into three essen- 
tial types which are: (/) constant contact heat for a variable period of 
time as applied to the feet of mice by the method of Woolfe and Mac- 
Donald"; (2) constant radiant heat applied for a variable period of time 
until reaction occurs, which is the method of D’Amour and Smith? as 
applied to the rat’s tail; and (3) variable radiant heat usually applied 
for 3 to 4 seconds to the skin of animals (Winder, Pfeiffer, and Maison!*) 
or man (Hardy, Wolff and Goodell), and the heat increased until pain 
or reaction occurs to the stimulus. 

We have not used the contact heat method, but we understand that 
the end-point (the time when the mice start dancing or blowing on their 
paws) is difficult to time. It wouldseem thata modification of this method 
by the use of a sloping hot plate (similar to the sloping screen used in the 
insulin assay) might be advantageous in that the mice would start roll- 
ing down the hot plate when their feet became painful. 

The method of constant radiant heat and variable time is successfully 
used in many commercial laboratories for the screening of new chemicals 
for possible analgesic action. When the rat’s tail is used and the reac- 
tion time noted, great care must be taken to have the animals housed 
and tested in a constant temperature room because the temperature of 
the tail will vary with its environment, and also with the strain and 
“health of the rat. 

Winder, Pfeiffer, and Maison!’ have applied variable radiant heat to 
the back of black guinea pigs, which species has a well-developed skin 
muscle (cutaneus maximus). In our experierice, this method is applicable 
to the guinea pig, the dog, and the immature rabbit. Other species tested 
“and found lacking in adequate skin muscles are the hamster, the mouse, 
and the rat. Andrews and Workman! used the flank of the trained dog, 
which method has been found suitable in several commercial laborato- 
ries. When a stimulating time of 3 to 5 seconds is used and the threshold 
is approached from a high level, the standard error of the determination 
is exceedingly low (ricure 1). Ideally, five seconds is optimal, but the 3- 
to-4-second stimulus produces less eye fatigue in the operators. Several 
independent observers have been able to assay the analgesic effect of 
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DURATION OF STIMULUS -ERROR 


Seconds Stimulation 


3 4 Ss 


Figure 1. Effect of increasing the duration of stimulation on reac- 
tive threshold of the guinea pig. Note that the standard deviation of 
the response becomes smallest with a stimulus of five seconds duration. 


aspirin® and other weak analgesics by this method.!® Chemicals which 
may give false positive analgesia by this method are those that are curare- 
like or myanesin-like drugs, and drugs which produce hypothermia, 
methemoglobinemia, hypoxia, or marked elevation of blood pressure. 
Drugs which lower the pain threshold are acetylcholine, /-arginine, 
J-ornithine, aranthol,!” convulsants and non-anesthetic doses of the bar- 
biturates. Since Demerol and codeine are both convulsant in the higher 
dosage range, we find a characteristic decreased effect after the thirty- 
minute period when subconvulsive doses are used (F1cuREs 2 and 8). 


60 
CODEINE RESPONSE 


GROUPS OF 6G PIGS 


mene 


MINUTES 
60 90 


FIGURE 2. Effect of increasing dosage of subcutaneously administered 
codeine phosphate in groups of six guinea pigs. Note that higher subeonvul- 
sant dose of 90 mg./kg. produces an apparent decrease in the analgesic effect. 
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DEMEROL RESPONSE 
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60 


FIGurRE 3. Effect of increasing dosage of subcutaneously nia 

istered Demerol HCl. Note that the higher subconvulsant doses of 45 

and 60 mg./kg. produce an apparent decrease in the analgesic effect. 
Comparison of Three Methods in Man. Since previous studies have 
dealt with a single type of pain (usually superficial pain), we initiated a 
program early last fall which was designed to compare the two thresholds 
of the tooth-pulp method with the superficial pain threshold as elicited 
by radiant heat in the pad of the fingers, after the hand has been im- 
mersed for one minute in a constant temperature bath maintained at 
40° C. This method provides a constant skin temperature and avoids the 
production of forehead blisters and scars which invariably follow anal- 
gesic testing when potent analgesics are assayed by the Hardy-Wolff 
method. A third threshold was also assayed when H. L. Williams of our 
laboratory noted that, if the fingernail bed is subjected to radiant heat, 
a marked ache of an all-or-none quality was produced. In a series of 
thirteen trials using the 3rd and 4th fingers of two subjects, the range 
between the pain threshold and the reactive threshold was found to be 
30.2+S8.D. 1.7 watts for the nail bed and 63.8+S.D. 11.4 watts for the 
finger pad. Waterproof dull black lacquer (Eastman Kodak Co.) is used 
to coat both the nail and the pad. Although the nail must be thicker 
than the usual keratin layer on the pad, the nail threshold in watts is 
characteristically about 60-70 per cent of that of the corresponding pad. 
The index finger has the highest threshold, the thumb next, while the 
little finger is the most sensitive. The third and fourth fingers are best 
for the testing of analgesic drugs. Fortunately, we discovered early in our 
studies that in all fingers (with the possible exception of the little finger) 
the pain threshold of the pad is in balance with that of the nail bed. This 
may be demonstrated by inj ecting a drop of 0.5 per cent procaine in the 
finger pad, which usually makes the nail bed threshold decrease (become 
more sensitive). We have also tested nail bed and pad of the middle 
finger after 0.5 per cent procaine has been infiltrated around the median 
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nerve. This, characteristically, results in a rise in the pad threshold and 
a lowering of the nail bed threshold (r1cuRE 4). If 0.75 per cent procaine 


a eee ees | 
Botan FINGER PAD 
pr ted r 


OF -— . — 3 


FINGER NAIL 
—— 
FIVE SUBJECTS 
MINUTES AFTER INJECTION 
O lO 20 30 40 50 60 
FIGuRE 4. Effect of infiltration of the median nerve on the finger pad and 


nail-bed pain thresholds of the middle (3rd) finger of five subjects. Note 
that the pad threshold is raised while the nail bed threshold is lowered. 


is infiltrated around the median nerve, both thresholds will rise, but as 
recovery occurs the nail bed will suddenly drop to well below the initial 
control thresholds while the pad threshold will remain elevated. Thus, 
in so far as the middle finger is concerned, the sensory nerves to the pad 
and nail bed are both contained in the median nerve, but the nail bed 
nerves may be more centrally located in the nerve trunk or, perhaps, 
may be more resistant to local anesthetic action. Central cortical sum- 
mation, balance mechanisms in the internuncial pool of the spinal cord, 
or local axonic networks (nocifensor fibers?) between the fingernail bed 
and the pad may explain this phenomenon, which has also been ob- 
served during analgesic testing; that is, sudden rises in pad thresholds 
are apt to be accompanied by an increased sensitivity of the nail bed. 
However, with analgesic drugs the changes are small, and the mean of 
the data thus serves to obliterate these minor individual fluctuations. 

Since tooth pain is aching in character and quite different from the 
pinch or tingle of beginning skin or superficial pain, we have been in- 
terested in determining the possible type of pain which may predominate 
in the nail bed to produce the all-or-none ache. Heavily myelinated 
nerve fibers such as epicritic or supain fibers have been reported to be 
more susceptible to hypoxia produced by ischemia. Accordingly, we have 
determined nail-bed and pad pain thresholds after ligaturing the arm 
with a blood pressure cuff inflated to 250 mm. Hg for periods of 15 to 40 
minutes. In thirteen experiments we have found the pad when tested 
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after warming to 40° C. to become more sensitive in five experiments, 
analgesic in 4, and no change in 4, The fingernail bed in these same ex- 
periments became more sensitive in 5 experiments, analgesic in 1, and no 
change was noted in 7 experiments. These data are thus equivocal and 
_ cast doubt on the validity of previous ischemia experiments, where no 
attempt was made to test the ligatured arm at a constant temperature. 
We have been able to differentiate quantitatively between nail-bed and 
_ pad pains by the differential rise in thresholds when the finger is tested 
at less than 40° C. (Taste 2). As the hand temperature is lowered below 


TABLE 2 


Errrecr oF TeMPERATURE OF THE Hanp 
on Raprant Heat Pary TuoresHoups or THE FINGER 


(Mean of two subjects hand immersed for one minute before testing—arm not ligatured.) 


Fingernail bed Finger pad 


45° C. +20% —10% 
40° C. 0% 0% 
cae 425% +30% 
Sie +40% 427% 
20° C. +70% +33% 
10° G. +110% +66% 


35° C., the rise in nail-bed pain threshold rapidly becomes twice the pad 
pain threshold rise. Extreme or maximal tolerated heat (46—47° C.) does 
not consistently differentiate the two thresholds. Since no correlation 
was found between duration of ligation and trends in the nail-bed and 
pad thresholds, these results indicate the need for raising the ligatured 
hand to a constant temperature before testing with radiant heat, since 
Wolff e¢ al.8 have reported that the back of the hand of the ligatured 
arm (one or possibly two subjects!) has the same degree of analgesia as 
the forehead when the pain of the ligatured arm raises the forehead 
threshold 30 to 35 per cent. In our experience, this rise in the pain 
threshold of the finger pad or nail bed can be obtained with the radiant 
heat method when skin temperature decreases only 3 to 5° C. This de- 
_-gree of lowering of hand temperature will occur when the arm is liga- 
tured. The relief of pain by hypothermia may explain the fact that pa- 
tients with severe causalgia invariably carry a moistened sponge to 
apply cooling water to the painful extremity. 

Tetraethylammonium (TEA) chloride in a dose of 500 mg. was next 
given intravenously to a group of five subjects on the working hypothesis 
that, since this drug is effective in causalgia, it might raise nail-bed pain 
thresholds. To our surprise, the initial doses of TEA raise only the 
supain thresholds of the finger pad and leave tooth pain and, to a lesser 
extent, nail-bed pain thresholds remarkably constant in spite of marked 
subjective symptoms such as diplopia, cycloplegia, and tingling of the 
extremities (TastE 3). Repeated daily doses of TEA, as usedin causalgia, 
will produce a rise in the thresholds of nail bed and tooth. The effect of 


28 _Annals: New York Academy of Sciences 


TaBLeE 3 
Errecr or TeTrarTHyLaMMoytum CHLorrDE (500 me.) on Vargous Pain THRESHOLDS 


(All doses injected in 8 to 10 minutes. A consistent rise is seen in the finger-pad 
pain threshold in the 12-to-30-minute period. Index (2nd) finger used in all subjects.) 


Subj. C.P. Controls 4 10 12 15 20 380 385 40 Minutes 
Nail Bed 85 85 90 90 90 90 85 90 85 85 Watts 
Finger pad 110 110 120 135 130 135 125 120 120 110 Watts 
Tooth I 0.6 0.5 0.5 0.5 0.5 0.6 —- — 0:5 —— Volts 
Tooth If 96 2.7 poy eae EGY ess — — 2928 — Volts 
Subj. BRS. Controls i 5 10 15 ~~ 265 32 35 40 Minutes 


Nail bed 90 90 95 105 90 90 85 90 92 .85 - Watts 
Finger pad 120 120 120 145 145 135 140 125 130 125 Watts 


Tooth I Ld iG 1.0 iol! 11 — 1.0 oe LY 1.2 Volts 
Tooth II 1.6 1.6 Pe Ls) L6 — Hey GE 1.5 1.7 Volts 
Subj. J.D. Controls lL 5 9 14 19 30 40 60 Minutes 


Nail bed 60 65 65 55 60 65 60 65 60 60 Watts 
Finger pad 982 82 90 95 95 95 100 105 97 82 Watts 
Tooth I 0.5 0.5 0.5  0:5° “095 0:5" 0:67) 06 05) 05s Volts 
Tooth IT ees Ue Pe ee IO nl a 1.1 1.0 1.0 Volts 


TEA on supainthresholds cannot be central since deepain is unaffected. 
Ergotamine tartrate does not raise supain thresholds,” but does re- 
lieve migraine headache, perhaps by local or peripheral vasoconstric- 
tion. If nail-bed pain is due to local vascular dilatation or spasm, ergota- _ 
mine tartrate might decrease or increase this pain threshold. Accord- 
ingly, two subjects were given subcutaneously 4 mg. of ergotamine tar- 
trate and three subjects were given subcutaneously 1 mg. of DHE-45 
under blind test conditions. Neither of these drugs changes supain, 
deepain, or nail-bed pain thresholds in these normal subjects (TABLE 4). 


TaBLe 4 
Mean Errecr or ErcoramMine TARTRATE 
(2 Sussects) anp Drayprorrcotamine (3 Sussecrs) on Party ToresHoips 


(The middle (3rd) finger used in all subjects. A possible decrease 
in nail-bed pain threshold and Tooth II threshold may obtain.) 


Controls 20 40 60 80 100 120 Minutes 

Nail bed 65.5 67.0 62.0 62.0 64.5 65.5 66.0 60.5 Watts 
Per cent change — — —6.6 -—-66 -—2.6 —11 —0.4 —8.7 

Finger pad LOO de 110.2 106.5 110.4 106.4 111.6 111.0 Watts 
Per cent change — — —0.5 —3.8 0.3 —3.9 0.8 0.2 

Tooth I 0.49 0.51 0.48 048 0.54 0.50 0.50 0.45 Volts 
Per cent change — — —4.0 —4.0 8.0 0.0 0.8 —10 

Tooth II 1.93 iO 1.86 1.74 1.84 1.8 LTRS 1.70 Volts 
Per cent change 3.1 9.4 4.2 —6.2 —8.8 —11.5 


A slight increase in sensitivity of deepain and nail-bed pain occurs. We 
were, however, impressed with ergotamine tartrate as a possible control 
medication for the study of opiate analgesia. The symptoms of sweating 
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_ and nausea are sufficiently similar to opiate side effects that this is the 
first placebo medication which our trained subjects have not been able 
- to identify as a placebo medication within 15 or 20 minutes. The side ac- 
_ tions are more rapid in onset than the side actions of potent analgesics, 
_ so that even this medication can be identified if used a second time in 
_ the same subject. 

Stellate ganglionic block with 1 per cent procaine will produce a 
prompt rise in the nail-bed pain threshold of the middle finger without a 
corresponding rise in supain thresholds of the finger pad. If the somatic 
nerves are later affected by the procaine, a sudden drop in nail-bed pain 
threshold may occur, indicating again the reciprocal relationship of the 
pad and fingernail bed (r1curE 5). Such successful stellate block has 


PAIN STELLATE BLOCK - 10% PROCAINE 
I2oL THRESHOLD 
IN WATTS 


SRD FINGER 
o~———o—-———- ° 


MINUTES 


10) 10 20 30 40 £4950 60 


Z FicureE 5. Effect of right stellate ganglionic block with 1 per cent procaine on the 3rd and 4th 
finger pain thresholds. Note again the reciprocal relationship of nail-bed pain to finger-pad pain during 
the 20-to-40-minute period when the procaine apparently obtunded somatic afferent nerves. 


now been obtained in three trials on two subjects. The rises in nail-bed 
threshold have been 91 per cent, 50 per cent, and 54 per cent. To eluci- 
date further the possible mechanism of nail-bed pain, a painful heat stim- 
ulus has been applied to the searified fingernail when viewed with the 
highest power of a dissecting microscope. Under these conditions, the 
capillaries do not contract with pain, but the arterioles cannot be seen. 
From our present data, this pain could thus be either efferent or afferent 
sympathetic in origin. Since it is obtunded by stellate block we have 
termed it “‘sympain” and will attempt further experiments to determine 
whether it is efferent or afferent. In this regard, the fact that sympain 
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is almost entirely unaffected by TEA argues against nail-bed pain being | 
due to efferent sympathetic action. Undoubtedly, the nail bed may be 
subserved in addition by protopathic and perhaps epicritic nerve fibers. 
We only wish to claim from these data that the nail bed has a strong 
sympathetic component. 
Recalling that sympain is in balance with supain, the data obtained. 
thus far with potent analgesic drugs can now be studied critically. The 
three drugs we have chosen for study in 5 to 7 subjects are heroin (2 mg. 
—rasix 5), Dilaudid (2 mg.—rastx 6), and J-methadon (5 mg.—TAstE 7). 


TABLE 5 


Awatcrsta PropuceD By THE SuBCcUTANEOUS INJECTION OF 2 MG. 
Herow HCt iw Seven Norma SuBJEcts 


(Note the lack of effect on nail-bed pain and the marked effect on tooth pain.) 


Controls 20 40 60 80 100 =Minutes 

Nail bed 91.9 92.3 100 92.3 90.7 89.6 92.1 Watts 
Per cent change — = 8.6 0.2 —1.5 —2.7 0.0 

Finger pad TO 118 124.3 129.3 127.9 128.6 127.9 Watts 
Per cent change — — 5.8 10.0 8.9 9.4 8.9 

Tooth I 0.72 0.75 0.95 1.0 0.93 0.84 0.88 Volts 
Per cent change — — 30 36 Q7 15 20 

‘Tooth II 1.70 1.73 2.4 2.8 3.0 2.8 2.% Volts 
Per cent change — — 41 64 ie 64 60 


In two-thirds of the actual experiments, these drugs were given in blind- 
tests. Heroin was chosen for its short duration of action and its maximal 
addiction liability. Dilaudid was chosen because of its potency at a low 
dose and because it is, in the monkey, less addicting than morphine in 
a dosage ratio of 1 to 5. /-Methadone was included since studies in the 
monkey and man indicate that it is the least addicting of the potent 
analgesic drugs and, on withdrawal, produces a slow metabolic storm 
rather than the immediate autonomic storm which is seen on opiate 
withdrawal. 

It is evident, from the individual drug tables and the summary (TABLE 
8), that these three drugs vary considerably in their effect on sympain, 
supain, and deepain thresholds. Thus, Dilaudid has 15 times the effect 
of heroin on sympain, and methadone is characterized by a broad spec- 
trum which produces an equal effect on all types of pain. The abstinence 
syndrome has been characterized as an ‘‘autonomic release phenome- 
non” which might now be interpreted as an overdevelopment of sym- 
pain, due to the fact that heroin markedly obtunds deepain and has 
little or no effect on sympain. Thus, repeated doses may allow the sym- 
pain component to overdevelop and produce symptoms of autonomic 
over-activity when a large heroin dosage is abruptly stopped. A drug 
such as /-methadone, which raises all pain thresholds uniformly, is less 
apt to be followed by an abstinence syndrome which is characterized by 
autonomic symptoms. This working hypothesis for opiate addiction is 
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TaBLe 7 
AwateEsta Propucen By THE SuscuTanerous Insecrions or 5 MG. or /-METHADONE HCu 
in Frve Norma SuBsEcTS 


(Note uniformity of effect on all pain thresholds.) 
Controls 20 40 60 80 100 120 140 160 Minutes 


Nail bed 69.4 72.0 77.0 82.0 864 89.8 824 87 87 87 Watts 
Percentchange—  — 9 162 i 23 23 ees: 

Finger pad 98 100.6 111 120 113 115 118 115 119 119 Watts 
Percentchange— — 12 21 14 16 14 16>, 20720 

Tooth I 0.50 0.54 0.63 0.74 0.66 0.65 0.61 0.61 0.58 0.57 Volts 
Percentchange— — 21 LG AS: 17 17 12 10 

Tooth IT 9.06 2.08 2.6 2.% 26 %6 2.7 25 23 24 Volts 
Percentchange— — 26 31 Bye Bye} ei! 20 12 14 

TaBLe 8 


Summary or Mran Per Cent Rise 1x Pary TuoresHoips with Heror (2 me.), 
Dinaunip (2 mc.), AND l-Mrruapons (5 MG.). 


Drug Nail bed Finger pad Tooth I Tooth IT 
Heroin (100 minutes) 19% 8% 26% 60% 
Dilaudid (160 minutes) 15% 9% 26% 50% 
l-Methadone (160 minutes) 20% Oe 21% 24% 


being further tested by studies of the analgesic effect of desomorphine 
and /-isomethadone. Taste 9 is a final summary of the procedures which 
differentiate these three types of pain. 


TABLE 9 


Summary or Metruops anp Drucs Usep To DirrERENTIATE 
Turee Tyres or Pary In Man 


Sympain Supain Deepain 
Ischemia aE aE Not tested 
Hypothermia Q+ - Not tested 
Quality Ache Tingle Ache 
(all-or-none) 
Procaine 0.5% Decreased | Increased Not tested 
in median nerve threshold threshold 
TEA (500 mg.) + Q+ 0 
Ergotamine —? 0 —? 
Stellate block 4+ 0 0 
Heroin 0 
Dilaudid 24 i re 
i-Methadone 2+ Q4+ Q4+ 
Summary 


Two statistically evaluated methods are available for the determina- 
tion of the reactive threshold of animals. These are: (1) The use of radi- 
ant heat with a constant stimulus and variable time, and (2) the use of 
radiant heat with a variable stimulus at a constant time interval. The 
use of contact heat might be improved by the use of a sloping hot plate 
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in an apparatus analogous to the sloping screen method for insulin 
assay in the mouse. : 

Three accurate methods are available for the assay of pain thresholds 
in man. These are: (1) The use of radiant heat with a variable stimulus 
and constant time; (2) the use of electrical stimulation of the tooth pulp 
which provides the minimal and reactive thresholds; and (3) the use of 
von Frey hairs on sensitive areas of the face. 

Three different types of pain may exist in man. In order to encourage 
sub-division of these pains by clinicians, the following terms are sug- 
gested: for bright, fast, epicritic, superficial pain the term “supain” is 
suggested. For dull, aching, slow, protopathic pain the term ““deepain” 
is applied. Nail-bed pain has been shown to have a strong sympathetic 
component and hence the term “sympain” is suggested. By comparing 
the analgesic action of heroin and /-methadone in clinical patients and 
the use of sympathetic blocks, further instances of sympain may be 
found. 

Since heroin raises deepain thresholds but has little effect on sympain, 
and since J-methadone raises all pain thresholds uniformly, a working 
hypothesis for the possible etiology of the abstinence syndrome has been 
formulated which is predicated on the probability that a central or local 
balance obtains between various types of pains. This balance is demon- 
strated for the supain and sympain of the finger. 
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A CRITIQUE OF ANALGESIC 
TESTING METHODS 


By LLOYD C. MILLER* 
Sterling-Winthrop Research Institute, Rensselaer, N. Y. 


N 1943, Goetzl, Burrill, and Ivy! reviewed the literature on methods 
used up to that time to evaluate pain intensity and the analgesic 

effects of drugs. No method new in principle has appeared since then, 
so that their analysis may well be taken as a point of departure for this 
discussion. These authors set up four criteria which the ideal method 
should meet in yielding quantitative data on the extent to which an 
analgesic obtunds pain. as 

They considered that the ideal method should permit quantitative 
determination of threshold values of the selected stimulus or means of 
inducing pain. It is a foregone conclusion that laboratory methods for 
algesimetry must be designed to prevent or ameliorate pain induced arti- 
ficially. From a pharmacological standpoint, this is in keeping with prin- 
ciples well established in other fields. Thus, antispasmodics are tested 
against spasms induced in smooth muscle of various kinds; likewise, 
antihistaminics are rated according to their capacities for alleviating or 
preventing effects elicited by histamine. Stimuli resulting in pain closely 
approach those which produce permanent damage. All authors agree 
that for heat, at least, frank burns result from increasing the threshold 
pain stimulus only three- or four-fold so that it is of great importance to 
determine accurately the threshold or just-effective stimulus. The rea- 
sons for this are obvious in the case of human subjects. With animals, 
damage is to be avoided to permit repeating observations on the same 
animal following both the test drug and a reference analgesic, as in a 
cross-over test. 

The ideal method should discriminate well between graded doses of an 
analgesic in modifying the responses to a standard pain stimulus. Thus, 
it must be a biological assay in the fullest sense of the term. It is in this 
respect that many methods have failed. 

The ideal method should be universally applicable to both man and 
experimental laboratory animals. Because pain is a subjective phenom- 
enon, more difficulty arises on this point with animals than with human 
subjects, a situation which is the reverse of that usually encountered in 
pharmacological studies. 

Goetzl and his associates also deemed that the ideal method should 
show quantitatively the respective effects of the analgesic against differ- 
ent qualities of pain, where such exist. Since an effort has been made in 
devising most methods to select a stimulus giving a single kind of pain, 
no one method will meet this criterion. 


* The assistance of Mr. Calvin Zi 
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Finally, for reasons peculiar to the pharmaceutical industry, there 
should be added to the four requirements listed above, the specification 
that the ideal method should boast of sensitivity. This feature is im- 
portant to chemists and pharmacologists alike, for valuable leads to 
analgesic activity in new types of compounds may well be overlooked if 
the test method is not capable of revealing low grades of effect. Unfor- 
tunately, no method measures up well in this respect. 

If this discussion is restricted to those methods used most generally 
in evaluating the newer synthetic analgesics, it will be possible to show 
how these procedures measure up to the ideal. While the relatively crude 
Haffner technique? was sufficient in Schaumann’s hands to show in clas- 
sic fashion the value of Demerol and related compounds in 1939,3 Woolfe 
and Macdonald, in 1944, considered that the potency of Demerol was 
still inadequately evaluated. Still later, in 1947, six laboratories collab- 
orated in comparing Demerol and three other analgesics with morphine, 
with very heterogeneous results®; for example, there was a nine-fold varia- 
tion in the observed potencies of Demerol expressed in terms of mor- 
phine. It would appear worth-while to explore the causes for this failure 
on the part of numerous pharmacologists. 

Goetzl, Burrill, and Ivy concluded that the method most closely ap- 
proaching the ideal would apply a stimulus, consisting of a sharply de- 
fined burst of electrical current, to affect the specific pain receptors of 
the tooth pulp of either man or laboratory animals. Such a method had 
been described by Koll and Reffert in 1938, who used a condenser dis- 
charge stimulator with highly consistent results on dogs. Goetzl and 
his associates used a stimulator designed to provide peaks of induced 
alternating current. However, while the characteristics of the apparatus 
were described fairly clearly, they failed to give details of dimensions, 
etc., sufficient to permit others to reproduce it. Further, details of the 
performance of their method are lacking, so that there is no basis for 
forming an opinion as to its reproducibility and discriminatory power. 
In our laboratory, a serious attempt was made to develop 'this technique 
using dogs, but it was found impossible to reduce the responses of the 
“animals to anything like a constant base line. Except that this tech- 
nique is bound to be relatively slow, the success of Koll and Reffert with 
it recommends further trial. Finally, there have been no reports of the 
use of this method in studies of recently discovered analgesics, so that 
further consideration of it is beyond the scope of this paper. 


The Hardy-Wolff-Goodell Method. Of the methods proposed and used 
in the last decade, it is safe to say that the Hardy-Wolff-Goodell pro- 
cedure’ has gained the widest acceptance. It was described, in 1940, by 
a team of three workers who doubtless will be remembered as having ex- 
perienced more self-inflicted pain than any other trio in the history of 
experimental medicine. _ 

Almost everyone interested in algesimetry 1s familiar with the tech- 
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nical details of the Hardy-Wolff-Goodell method. Briefly, it consists of 
allowing the light from a 500-watt projection lamp to focus for exactly 
three seconds on the subject’s forehead, the exposed area being black- 
ened with ink. The lamp operates continuously on reduced voltage and 
the pathway of its beam is opened and interrupted by a shutter con- 
trolled by an electrical timer. The only variable is the current applied to 
the lamp filament so that, by increasing the current in successive ex- 
posures, the intensity of stimulus is raised finally to the point at which 
the subject feels a brief, sharp “jab” of pain just at the end of the three- 
second exposure period. Originally, the time between successive trials 
was only 30 seconds, but later it was increased to a full minute. 

By nature, pharmacologists have a penchant for tinkering and seldom 
resist an opportunity to add a personal twist or variation to each new 
method or technique they take up. It is interesting, therefore, that the 
Hardy-Wolff-Goodell method remains today almost exactly as originally 
proposed. Indeed, apparatus specially designed for the procedure is 
available commercially* which, in itself, is a good indication that the 
technique has become stabilized. Through the kindness of Drs. Goodell 
and Wolff, it has been possible to compare data obtained nearly 10 years 
ago with the original apparatus, with some recorded by Dr. Gross, of 
the State University of Iowa, using the commercial unit. ; 

The older data were those obtained in determining the analgesic po- 
tency of codeine® and represent seven experiments in which the dosage 
of codeine phosphate was varied from 15 to 120 mg., injected intra- 
muscularly. Usually, three readings were made to establish the normal 
threshold prior to injection of the drug, although this was not always 
the case. Because of these minor exceptions, some liberties were taken 
with the data on the grounds of convenience. 

An analysis of variance of the normal thresholds in the five experi- 
ments in which three normal threshold readings were made, shows that 
the variation between these three values, as well as that between the 
three subjects, was quite negligible. The variation between days, how- 
ever, was enormous, being far greater than would be expected once in a 
thousand times through chance. This indicates an obscure variation in 
the apparatus or environment which resulted in apparent differences in 
thresholds on different days. Nevertheless, the standard deviation of a 
single observation was only +17 millicalories/second/square centimeter, 
or about 5 per cent of the average. As low as this error seems to be, it is 
large in comparison with what may be achieved. 

Similar analysis of the Iowa data shows a truly remarkable consist- 
ency. The experiment involved the subcutaneous injection of a new an- 
algesic, Nu-1779,° into four subjects, each of whom received 5, 10, or 15 
mg. on separate days. The normal pain thresholds were determined in 
two trials after an initial 10-minute rest period, so that there are six nor- 


* The Experimental Engineering Corporation, B i 
isda Geet ell aeoaree ° ergenfield, N. J. has developed a commercial model 
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_ mal values on each subject, or 12 pairs in all. These 24 readings all lay 
between 228 and 235 millical./sec./em.2 This amazing consistency is re- 
flected in the analysis of variance which shows that the variation be- 
tween the four subjects was practically nil, that between the three experi- 
mental days was even less, while discrepancy between pairs of readings 
on the same day was greater, but still far from significant. As Dr. Gross 
intimated to me in correspondence, he is actually concerned over the 
fact that the data appear incredibly good. 


The Effect of Training on the Normal Pain Threshold. 'These subjects 
had been trained. With respect to the value of training, Dr. Gross sent 
interesting data obtained in the course of “breaking in” four “‘green” 
subjects on the Hardy-Wolff-Goodell apparatus. This was a well-bal- 
anced experiment, in that the pain threshold of each subject was de- 
termined four times at regular intervals on each of four days. These are 
essentially “‘sham” experiments except that no injections were made; 
the subjects were unaware of the actual amount of heat stimulus being 
applied. The individual readings in millical./sec./em.? are shown in 
TABLE 1. The averages are given in the parentheses to the nearest whole 
number. To bring out the day-to-day improvement, the sums of the 


Taste 1 
Errect or Trariyc on Parn TuresHotp RECOGNITION 


(Hardy-Wolff-Goodell Method (Gross); normal thresholds in millical./sec./cm.?) 


Subj. No. Day 1 Day 2 Day 3 Day 4 Subj. totals* 
250 240 230 235 
1 240 (243) 230 (234) 235 (232) 230 (232) 
245 230 222 232 
238 235 230 230 
53* 15 7 uf 82 
235 240 232 230 
2 240 (238) 230 (235) 230 (232) 230 (231) 
245 235 235 223 
230 235 - 230 230 
30 20 7 3 60 
235 230 235 235 
3 240 (236) 235 (235) 235 (233) 230 (232) 
, 240 233 230 233 
230 240 232 230 
25 18 12 8 63 
230 235 235 230 
4 230 (234) 235 (235) 230 (232) 235 (231) 
240 240 230 230 
235 240 232 230 
15 20 tf 5 47 
Day totals* 123 (238) 73 (235) 33 (232) 23 (231) 


* Sums of deviations from 230. 
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deviations from 230, the lowest observed threshold, are given. This is 
still more evident in the progressive decrease in the day totals from the 
first to the fourth days. 

A brief glance at the average values shows that the subjects had set- 
tled down to practically the same threshold value by the second day and, 
while they continued to agree among themselves, the actual threshold 
decreased somewhat from the previous day’s run on both the third and 
fourth days. es: 

To determine which of these differences was significant, an analysis of 
variance was run. The analysis (Taste 2) showed that the four subjects 


TABLE 2 


Awatysis oF Errecr oF TRAINING 


Source of variation Degrees of freedom Mean square Measure of significance 
: F iP 
Subjects 3 13.04 adit 
Runs 3 27.85 1.6405 205% 
Days 3 129.17 7.61 <.01t 
Errer 54 16.97 


*for P=.05, F=2.7T. + for P=.01, F=4.16. F and P have the conventional meaning, so that 
P=.05 indicates a probability of 5 chances in 100, ete. 


reacted very much alike, the variance attributable to differences between 
them being less than that ascribable to “error.” The variance between 
runs on the same day was also quite insignificant, although greater than 
that between subjects. From day to day, however, the variation was highly 
significant, the odds being less than one in a hundred that such discrep- 
ancies would arise by normal chance variation. Because of the marked 
downward trend, the conclusion is justified that, with training, each 
subject comes to recognize the intensity of heat stimulus marking his 
threshold and that the threshold is very nearly the same for all subjects. 
This view, of course, has long been advocated by Hardy and his asso- 
ciates.10 

Denton, Straus, and Beecher! recently reported that untrained sub- 
jects are unsuitable for evaluating analgesics by this method. Thus, it 
is possible that a lack of training may have been responsible for the 
failures on human subjects reported recently from two British laborato- 
ries,!% 18 e 

In a study of the Hardy-Wolff-Goodell procedure applied to guinea 
pigs, Winder has explored the effect of practically all imaginable vari- 
ables possible. An adequate discussion of his findings, published in a 
series of four papers,4—!” would overtax the limits on available space. 

Winder chose the graded intensity procedure, approaching the thresh- 
old by “interval-splitting,” gradually narrowing the difference in the in- 
tensity of 4-second exposures to finally locate the threshold within five 
watts of power input on the lamp. This is a relatively slow and tedious 
procedure since it takes 10 minutes to find the thresholds on two ani- 
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mals tested alternately at sucéessive half-minute intervals. These ani- 
mals were used but once, so that, except for repeated exposures within 
the experiment, no training was provided. Repeated threshold endpoints 
on the same animal agreed with each other better than those obtained 
on different animals run in parallel; thus, the final procedure was designed 
so that each animal served as its own control. To correct for a slight 
but significant downward trend in the threshold during the experiment, 
sham-treated animals, given only the drug vehicle, are run in parallel. 

Bonnycastle’s finds it necessary even to train rats prior to use. Thorp” 
also states that new rats must be trained “to discriminate between stim- 
uli of different intensity before using them for the test.” The question 
arises as to where the greatest amount of intelligence is required—in the 
rats or in the operators! In our experience with a similar procedure, using 
rats, no greater variation has been noted on the first day of use than in 
subsequent trials. 


Interpretation of the Data. In spite of the rather extensive use of the 
Hardy-Wolff-Goodell method on both man and laboratory animals, no 
good way of handling the data has been worked out. It is customary to 
make observations at intervals of 15 to 30 minutes throughout the ex- 
periment, so that the data consist of four to 10 observations on each 
subject for each dose. The peak effect is usually seen between 20 and 60 
minutes. The peak values, calculated as the percentage increase over 
the pre-treatment threshold value, are usually averaged for each dosage. 
This results in using only a part of the data, as has been done by Thorp” 
with the result shown in FicurE 1 for morphine given to rats subcuta- 
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neously. A beautiful sigmoid curve results when the per cent increases 
at 20 minutes are plotted against dose either in the original arithmetic 
units or in logarithmic units. Although this is one of the best dosage- 
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response curves yet published for morphine, Thorp did some violence to 
the data by drawing a straight line through what he termed the “central 
portion.” Ignoring the obvious curvature, he even went to the trouble 
of calculating the equation of this “linear” part. 

As evidence of the reliability of this treatment, he assayed two un- 
known solutions of morphine with interesting results. With solution B, 
a mean percentage increase of 63.1 per cent was observed from which 
the concentration was estimated to be 0.35 mg./cc. against the actual 
strength of 0.36 mg./ec. With solution A, he obtained a 20.6 per cent 
increase in threshold, from which fact he estimated that the concentra- 
tion was 0.29 mg./ec.; its actual strength was 0.30 mg./cc. The agree- 
ment on solution B between found and actual concentration is not sur- 
prising, but it was sheer luck to come so close in determining the strength 
of solution A, when the dosage-response curve in the neighborhood of 
20 per cent increase in pain threshold is in the flat part of the sigmoid 
curve, as may be seen from Ficure 1. 

Winder"’ plotted the logarithm of the maximum threshold against log 
dose for data he obtained on morphine, Demerol, and aspirin. Here 
again, only the data obtained at the time of peak effect have been 
utilized. 

Some means is needed for taking into account all the data obtained. 
It seems likely that the neglected values might do more than merely bol- 
ster the peak readings. There is some indication that the discrimination 
of the method might well be greater at other points. 

To data obtained on dogs by Gross in the above-mentioned collabo- 
rative study, Bliss® applied the statistical technique known as “‘discrim- 
inant function analysis.” This is a relatively recent development, the 
basic principle of which may be deduced from FicureE 2, which presents 
further unpublished data obtained on human volunteers by Dr. Gross 
with Nu-1779.9 It is assumed that each observation contributes some in- 
formation towards “discriminating” between the different dosage levels 
used. As shown in the graph, the individual readings obtained at the 
successive times of observations may be designated as yi, Yy2, etc. The 
object of the analysis is to determine those coefficients for the various 
values of y in an algebraic equation relating dose to effect which maxi- 
mizes the discrimination between the various drug levels. Unfortunately, 
this calculation is far from simple. It would be especially tedious for the 
data shown here with 10 different values of y and has not been carried 
out. Needless to say, a simpler method of determining the coefficients 
must be evolved if this method is to become popular. 

Of greater interest, in this graph, is the visual evidence on the extent 
to which the effect of doubling the dose is reflected in the response of 
the subject. While this is one of the better examples obtained in this 
experiment, 100 per cent increments in dose can readily be distinguished 
nevertheless. = 


The point on which the Hardy-Wolff-Goodell procedure is the most 
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EFFECT-TIME CURVES 


SHOWING DISCRIMINATORY POWER OF HARDY-WOLFF-GOODELL METHOD (Gross) 
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vulnerable is the adverse influence that emotional and psychological 
distractions have upon the pain threshold. Dr. Wolff has himself em- 
phasized this point.” He has observed that, in a susceptible subject, the 
effect of 0.3 gm. of aspirin may be either duplicated or completely masked. 
On the other hand, subjects not amenable to suggestion show no demon- 
strable effect upon receiving placebos. This suggests rather forcibly the 
desirability of including placebos as an integral part of the design of 
critical experiments. 


D’Amour-Smith Method. Although the Hardy-Wolff-Goodell proce- 
dure has rather successfully resisted efforts to “improve” it, there is an 
important group of publications based on a substantial modification of 
the original method. This modification avoids the tedious, step-wise 
process of locating the threshold in successive trials, several of which are 


“needed to determine the exact threshold intensity. This is accomplished 


by fixing the intensity of the stimulus and allowing it to act until a re- 
sponse results. 

Thus, D’Amour and Smith,” attracted by the report? of the remark- 
able stability of the Hardy-Wolff pain threshold in man, set out to try 


‘the fixed intensity technique in rats. Their apparatus was the height 


of simplicity, in that it consisted of an auto headlight bulb focused by a 
reflector on a groove into which the tip of a rat’s tail could be placed. 
Switching on the current started a stop-watch which was stopped when 
the rat flicked its tail away. Unfortunately, there is a limit on the amount 
of heat that may be applied without producing a burn. This necessitates 
cutting off the heat when analgesia is deep enough to prevent a response 
within a safe exposure time. The cut-off time is related, of course, to the 
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intensity of the stimulus, and most workers find that it is about 24 times 
the normal threshold time. One can be conservative in setting the cut- 
off time, since, with rats at least, there is little likelihood of obtaining a 
response at all if there has been none within twice the normal threshold 
reaction time. D’Amour and Smith cut off the stimulus at nine seconds. 
Others, using less intensity, have prolonged it up to 15 seconds. 

With respect to the normal responses, the statement of D’Amour and 
Smith is worth quoting. They say, “We were greatly surprised at last 
to find a biologic reaction subject apparently to very little individual 
variation.” Their rats, run twice a week, showed no evidence of condi- 
tioning. They give one protocol which permits calculation of the stand- 
ard deviation of the normal threshold as being roughly +0.6 second or 
about 12 per cent of the average of 4.6 seconds. In our hands, the stand- 
ard deviation is +0.27 second or about 8 per cent of our average of 3.5 
seconds. 


Interpretation of Data. With respect to handling the data of the 
D’Amour-Smith technique, it is interesting to note that, of the four 
groups of investigators who have used it, no two have interpreted their 
data in exactly the same way. D’Amour and Smith converted their re- _ 
sults into the all-or-none type on the basis of the proportion showing 
“complete” analgesia within their cut-off time of about nine seconds. 
Ercoli and Lewis,” in 1944, calculated what they termed the “average 
analgesic dose,” which lends itself poorly to quantitative comparisons be- 
tween drugs. Davies and his associates* found that the increase in re- 
action time in seconds plotted linearly against log dose and used this 
basis of effects. Foster and Carman™ describe an “‘analgesic index” 
which is the square root of the ratio of the average maximum reaction 
time after the drug to the average pre-injection reaction time. They 
found that indices so obtained plotted against dose in approximately a 
straight line. Of these four methods, two measure the drug effects in 
terms of the increase in threshold, while the other two take the final level 
of reaction time as the better measure of effect. This lack of unanimity 
indicates fundamental differences in thinking. 

All of the above authors encountered the problem peculiar to this 
method engendered by the frequent occurrence of such complete anal- 
gesia that the test animal fails to respond within the cut-off time. Thus, 
there results a set of data which is a hybrid mixture of graded and quan- 
tal responses. Thus far, this situation has been met by assuming that 
each animal actually reacted at the cut-off time and including these as- 
sumed values in the averages. This practice introduces a bias into the 
results which is less or great, depending on the actual magnitude of the 
arbitrary cut-off time. It is especially disturbing when the responses are 
figured in terms of the increases in reaction time above the normal. 
However, because of the simplicity of the D?Amour-Smith procedure as 
a whole, this problem is worthy of serious study. 
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To start with, there is the fundamental question of whether the re- 

action time of the medicated subject is correlated with that observed 

before dosing; that is, does a low normal threshold signify that the sub- 
ject will also show a lower threshold after medication? 

An answer to this question may be found in data obtained by Dr. 
Lewis of our laboratory, using the D’Amour-Smith method, except 
that the stimulus was applied to the back instead of the tail. His experi- 
ment involved a comparison of methadone, levo-methadone, and a com- 
pound related to Demerol known to us as WIN 1539, and which chem- 
ically is 1-methyl-4-(3-hydroxyphenyl)-4-piperidyl ethyl ketone hydro- 
chloride. The doses ranged from those producing just significant effects 
on the low side to those which made some, but not all, of the rats re- 
fractory on the high side. Four dosage levels were used which were 
spaced logarithmically in steps of 60 per cent increments. A group of 40 
albino rats was assigned to each drug, and sub-groups of 10 rats re- 
ceived a different one of the four doses on each test day according to a 
balanced, latin square design. Only three readings were made on each 
rat each test day, namely, the normal threshold and at 30 and 60 minutes 
after dosing. To insure that each rat would be exposed to the same heat 
intensity, the filament voltage was adjusted to a constant heat output 
using a radiometer. The stimulus was cut off at 8 seconds. 

Since Winder has shown that the frequency distribution of the normal 
thresholds of guinea pigs is more nearly normal on a logarithmic basis,” 
our data were tested in this respect. While the distribution of the loga- 
rithms was slightly nearer normal, the difference was not great enough 
to justify the inconvenience of transforming the original data. 

The responses of the individual rats to the drugs give the impression 
of marked heterogeneity. However, study shows that they are distrib- 
uted in a fairly normal pattern with a few rats being sufficiently sensi- 
tive to the drugs that all three of the higher doses made them completely 
refractory to the pain stimulus, and with about an equal number show- 
ing relatively little analgesic effect from even the highest dose. There 
"were some cases in which the effect from the lowest dose exceeded those 
of the three higher doses. 

As a simple means of showing whether the observed effects were cor- 
related with the respective normal thresholds, the latter were ranked in 
order from low to high. Then the respective post-injection reaction times 
of all average rats showing the same normal threshold were calculated. 
These averages represented the responses to all four doses of the same 
drug and are given in TABLE 3. It is clear that the reaction times after the 
drug are not correlated directly with the initial reaction time. The fourth 
column for each group shows the percentage increase in threshold due to 
the analgesic. These increases are greatest for the lower normal thresh- 
olds and indicate the bias that results from the apparently erroneous 
assumption that the increase in threshold is the true measure of anal- 
gesia. 
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Other data confirm this lack of correlation. This suggests that the 
final threshold may be a better measure of effect. Furthermore, consider- 
able time might be saved in routine testing if one could omit the pre- 
injection normal threshold reading by insuring that the heat source is 
uniform and by following a cross-over experimental design. The prac- 
tical question arises—can the initial reading be omitted? And further, 
what value accurately represents the effect? Is it the average, the median 
or some other parameter? 

A careful study of the distribution of the individual reaction times 
following the three higher doses in the experiment just described, shows 
that there is such wide scatter that some doubt arises as to the propriety 
of striking even a simple average. This is particularly true for the high- 
est doses, where about half of the animals proved refractory and failed 
to give finite reaction times. 

Medians are sometimes useful in such cases and were determined, but 
it was found that they were not related to either dose or log dose in any 
obvious way. In fact, where more than half of the rats failed to react, 
as with the high doses of methadone and levo-methadone, the median is 
simply the eight-second cut-off time. The median can scarcely be used, 
therefore, as the measure of analgesic effect. 

The simplest statistical device available for answering the questions 
just expressed is that of plotting the data to see which basis appears to 
give a family of parallel, straight lines best fitting the dosage-response 
data on all three compounds. Graphs of two different approaches are 
shown in FicurEs 3 and 4, The former shows the percentage increase of 
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the average threshold at 30 minutes after medication. While the points 
fit straight lines fairly well, it should be borne in mind that these data 
are biased in two ways. First of all, they are increases, and we have just 
seen that it is erroneous to assume that increases adequately reflect the 
analgesic effect. Second, the three highest points on each curve are 
partly assumed values since some rats were made completely refractory 
by the drug. Ficurr 4 shows the data on methadone and WIN 1539. 
plotted according to Davies method, and here again the same objec- 
tions hold. 

Finally, we resorted to a slight modification of the treatment used 
originally by D’Amour and Smith. They took the proportion of rats which 
showed “complete” analgesia, that is, those absolutely refractory within 
the cut-off time. It seemed more logical to use the distribution of the 
normals as the basis for defining what may be termed “positive” anal- 
gesia. Thus, the tolerance limits 27 were calculated for the normal 
thresholds, and the point was picked beyond which less than 0.01 per 
cent of the normals would be expected to fall within a certainty of 95 
per cent (P=0.95). The normals were sufficiently uniform for this divid- 
ing line to be the same for all the data, or about 1.4 seconds above the 
respective group average normal threshold. Thus, the values in TaBLE 4 
were obtained. These include the respective number of those considered 
“positive” and, of this group, those found to be “complete” or alto- 
gether refractory to stimulus within the 8-second exposure. The per- 
centage “positive” is given in the next-to-last column. 
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~-TABLE 4 
Dosace—Errecr Data on Meruapone, tevo-MrtHapone anv WIN 1539; 
D’Amour-Smita Metuop on Rats 


(40 rats per dose) 


Bina Tinks eee! Analgesic effect 

mg.|kg. thresh. sec. No. positive No. complete % Total Probit 

Methadone .8* 3.49 4 0 10.3 3.74 
1.25 3.43 10 2 25.0 4.33 

2.0 3.44 QT 6 67.5 5.45 

3.2" 3.47 38 25 97.4 6.94 

levo-Methadone_ .5 3.44 3 0 4.5 3.56 
8 3.44 15 1 37.5 4.68 

1.25 3.51 33 9 82.5 5.93 

2.0 3.45 40 32 100 (7.50) 

WIN 1539 5 Sit 4 0 10.0 3.72 
8 Sieh 16 zy 40.0 4.75 

1.25 3.39 26 8 65.0 5.39 

2.0 3.36 37 16 92.5 6.44 


* Only 39 rats on these doses, due to the accidental death of one rat of the group. 


Plotting the percentage of total “positives” against log dose gave 
curves with a strong sigmoidal trend, so that it seemed appropriate to 
rectify the curve by transforming the percentages to their correspond- 
ing probits. The resulting probit-log dose curves are shown in FicurE 5. 
An arrow attached to the point for the highest dose on levo-methadone 
indicates a 100 per cent response for which the expected probit is shown, 
there being no finite probit for 100 per cent. 

These curves involve no assumptions with respect to the initial thresh- 
old except that it is normally distributed, as may readily be shown. The 
cases of “complete” analgesia require no special consideration since they 
are surely “positive.” However, although these curves may have a some- 
what sounder theoretical basis, it must be admitted that, by visual in- 
spection at least, the fit of the straight lines is not significantly better 
+han that seen in ricures 3 and 4. Considering the reservations expressed 
regarding the validity of these curves, it seems scarcely justified to ap- 
ply the conventional statistical tests for goodness-of-fit to them. hae 

The graphical estimation of potency is the same for all of them, indi- 
cating that levo-methadone is about 70 per cent more potent than the 
_racemic form and WIN 1539 is some 60 per cent stronger than dl-meth- 
adone. Using the recently described nomographic procedure of Litchfield 
and Wilcoxon,” the respective potencies of l-methadone and WIN 1539 
are 177 and 158 per cent of that of racemic methadone. The confidence 
limits are about +30 per cent for P=.95, so that both drugs are clearly 
more potent than racemic methadone. The difference between /-metha- 
done and WIN 1539 is not significant. 

By stating these potency estimates, attention is focused on the fact 
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that the ultimate object of an analgesic test is to obtain such an esti- 
mate along with some measure of its reliability, preferably the standard 
error. Since analgesia has two qualities, that of intensity as well as dura- 
tion, it is conceivable that potency estimates might be based on either 
or both. Thus far, however, no one has worked out a means of combining 
measurements of both of these into a single parameter so that, if con- 
sidered at all, they are taken separately. 

While practically all of this discussion has been devoted to discussing 
the radiant thermal stimulus methods, there is another thermal stimulus 
method which deserves passing mention. Woolfe and Macdonaldé de- 
scribed the use of thermostatically heated zinc plates to provide a con- 
ducted thermal stimulus to the feet of mice. Dr. Eddy has kindly pro- 
vided me with data obtained using this method on normal animals and 
on mice treated with Demerol and methadone.” Analysis of these data 
indicates that the mice vary greatly, not only from one to another but 
also between control readings taken 20 minutes apart. The odds that 
such discrepancies were due to normal chance variation are about one in 
a hundred. In view of this, and of the generally accepted fact that mice 
are about the most heterogeneous small laboratory animal known, 
present information does not permit rating the Woolfe-Macdonald 
method very high except as a convenient, rough screening method. 
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~ Summary 


Tn summary, it appears that, of the three analgesic test methods which 
stand out, the tooth-pulp method has scarcely been studied enough to 
evaluate it fairly. The Hardy-Wolff-Goodell fixed-time method and its 
principal modification, the D’Amour-Smith fixed-intensity method, can 
be compared with the five criteria of the ideal method. Both rate well as 
_ to safety and universal applicability. The fixed-time method is the slower 
one when used on animals and therefore must be rated lower on the 
score of practicability. With human subjects, this is much less important. 
Both methods discriminate about equally, although any advantage is on 
the side of the D’Amour-Smith technique. Really good information on 
the element of reproducibility is lacking, except for the normal thresh- 
old determination where the fixed-time procedure is definitely superior. 
Neither method is sufficiently sensitive. The effects of mild analgesics 
such as aspirin are picked up only with difficulty and the maximum pos- 
sible effect is limited. 

From the standpoint of interpreting the data and making use of all 
the observations obtained, the complications are somewhat less formi- 
dable with the D’Amour-Smith method than with the original Hardy- 
Wolff-Goodell method. With both, there are fundamental problems still 
unsolved. 

In the final balance, it would appear that, for comparing analgesics 
in laboratory animals, the D’Amour-Smith method is preferable; for 
human subjects, the original Hardy-Wolff-Goodell method is best. 
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HARMACOLOGY OF METOPON AND OTHER 
NEW ANALGESIC OPIUM DERIVATIVES 


By NATHAN B. EDDY 
National Institute of Health, Bethesda, Maryland 


. /T ORPHINE has always been, and continues to be, the standard for 
comparison in the field of analgesia in spite of its many disad- 
antages—irregularity of action of oral doses, dopiness (as a rule) with 
dequate pain relief, high incidence of side reactions, particularly nausea 
nd vomiting, narrow margin between analgesic and respiratory depres- 
ant doses, and the property of rapid development of tolerance and ad- 
iction. The most intensive attack upon these disadvantages began 
bout 20 years ago in the coordinated program of the Drug Addiction 
‘ommittee of the National Research Council. It advanced under those 
uspices through 1939 and is still going forward at the National Institute 
f Health. Hundreds of morphine derivatives have been made and ex- 
mined pharmacologically, to try to find the group, or groups, in the 
norphine molecule associated with its various actions and the modifica- 
ion of those groups which would result in the most satisfactory clinical 
ffectiveness. The data collected permit a number of generalizations: 
1) Modification (muzzling) of the phenolic hydroxyl decreases and sub- 
stitution or removal of the alcoholic hydroxyl increases morphine- 
like activity. 

2) Removal, by hydrogenation, of the double bond adjacent to the 
alcoholic hydroxyl usually increases activity. 

3) Opening the nitrogenring practically abolishes morphine-like activity. 

4) Attachment of an alkyl group to the hydroaromatic ring results in 
quantitative dissociation of morphine-like effects, increasing some 
and decreasing others. 

5) No active morphine derivative has been made which is entirely free 
of addiction liability. 

A description of a few of the newer morphine derivatives will illus- 
rate, in some measure, these generalizations, and will permit an ap- 
yraisal of the extent to which progress has been made toward the goal 
yf greater clinical effectiveness. ay 

About 25 years ago, German chemists made the ketone derivatives of 
norphine and codeine, namely Dilaudid and Dicodid. The former was 
ntroduced in this country in 1932; the latter quite recently, both as 
Jicodid and Hycodan. Ficurz 1 shows the structure of these com- 
jounds and their relation to morphine and codeine, respectively, and 
“ABLE 1 gives the minimal doses for some of the more important effects. 
Nith both the morphine and the codeine, analog toxicity and activity 
1ave been increased by hydrogenation and by the introduction of the 
cetone, and to about the same extent. In other words, although the ef- 
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fective analgesic dose has been greatly reduced in Dilaudid and Dicodid, 
the dose for the production of other less desirable effects has been re- 
duced similarly. Also, the properties of tolerance, of dependence pro- 
duction, of pain relief, and of anti-tussive action have changed in the 
same direction. Dilaudid, then, offers little advantage over morphine in 
any respect, except reduction in the size of the dose to produce an effect. 
Dicodid has been used in this country principally for cough relief, and 
a number of reports have appeared comparing it with codeine for that 


TaB_eE 1 
Errecrive Doses 1n ANIMALS 


LDs50 Depressant Analgesic Emetic Respiratory Intestina' 


Mouse Rat Cat Cat Rabbit Rabbit 
Morphine 531 4.50 0.75 0.22 0.15 4.54 
Dihydromorphine 133 7.90 0.26 0.17 0.11 3.54 
Dihydromorphinone 84 0.80 0.17 0.08 0.01 0.62 
Codeine 241 16.00 8.04 16.00 1.30 16.00 
Dihydrocodeine 225 14.10 7.20 3.22 0.90 5.80 
Dihydrocodeinone 86 4.20 2) 1.28) 32556 0.08 3.40 


purpose. These reports have denied the development of tolerance an¢ 
dependence and have claimed good anti-tussive effect with Dicodid 
Cases of addiction to Dicodid were described in Germany where the drug 
was more widely used, much more frequently, in fact, than one would 
expect with similar administration of codeine. The risk of addiction 
even with morphine, is somewhat reduced by keeping the dose at the 
minimal level for symptomatic relief, so that the small doses of Dicodic 
which are used for cough may be attended by less risk of addiction thar 
the amounts which were used by the Germans for other purposes. Al 
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e evidence indicates, however, that the risk is materially greater than 
th codeine, and recognition of this fact is essential, even though the 
e of Dicodid is limited to the treatment of cough, 

The Germans made another ketone derivative of codeine, namely, 
hydrohydroxycodeinone, which they named Eucodal (FicurE 2%). AG is 
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FIGURE 2. 


ost closely related to Dicodid, differing from the latter by the introduc- 
mn of a hydroxyl group at C-14. Experimentally, Eucodal is less toxic 
an Dicodid, but it is more emetic and not materially different in other 
spects. Reports in the German literature, and our own experience in 
3 substitution for morphine in known addicts, indicate that it has a 
eh degree of addiction liability, probably comparable to that of mor- 
sine itself. Eucodal has not been introduced in this country, and it is 
ubtful that anything will be gained by its employment. 

By complete removal ofthe alcoholic hydroxyl of morphine and its sub- 
itution by hydrogen (FicurRE 3), analgesic effect has been increased as 
uch, or more, than in any other morphine derivative (TABLE 2). This 


TABLE 2 
Errective Dosrs 1In ANIMALS 


LDs9 Depressant Analgesic Emetic Respiratory Intestinal 
Rat Cat Ca 


Mouse Rabbit Rabbit 
orphine 531 6.75 0.75 0.22 0.15 4.54 
A cetylmorphine 293 1.8 0.18 0.18 0.019 0.8 
hydromorphine 133 7.9 0.26 0.17 0.11 3.54 
hydrodesoxymorphine-D 104 0.32 0.08 1.0+ 0.012 0.32 
\ cetyldihydromorphine 99 6.3 35 0.90 0.072 1.8 


s been established clinically as well as experimentally. The emetic 
ect of Desomorphine is slight, but the duration of its analgesic action 
short, not more than half that of morphine, its respiratory depressant 
ect is exaggerated as much as its analgesic action, and its addiction 
bility is, perhaps, as great as that of morphine. : 

During the last war, when it seemed possible that our morphine sup- 
y might become short, attention was focused for a time on 6-acetyl- 
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morphine (FicurE 3). It can be produced in quantitative yield from mor- 
phine by very simple means, and the product is 4 times more effective as 
an analgesic agent. Unfortunately, all morphine-like effects are increased 
to about the same extent, so that the only gain resulting from mono- 
acetylation of morphine seems to be that one obtains 4 analgesic doses 
for each one entering into the reaction. 6-Acetyldihydromorphine (TABLE 
2) is an exception to the generalization that hydrogenation of 7-8 double 
bond increases morphine-like activity. The compound is less effective 
in sedative, analgesic, and respiratory action than 6-acetylmorphine. 

6-Methyldihydromorphine is a new type of modification of the mor- 
phine molecule. The alcoholic hydroxyl is retained and a methyl group 
is substituted for hydrogen on the same nuclear carbon. Analgesic effect 
is exhibited by this compound to the same extent as by morphine itself, 
and the duration of this effect has been increased almost twice. Most 
noteworthy is the fact that 6-methyldihydromorphine seems to have 
almost no effect on the withdrawal symptoms of known morphine ad- 
dicts. The first and simplest test, in the assay of addiction liability in 
any new agent, is administration of a single dose at the peak of the mor- 
phine abstinence syndrome, and resulting suppression of the syndrome 
is considered evidence of addiction-sustaining potency. Absence of such 
suppression with 6-methyldihydromorphine indicates at least that it has 
low addiction-sustaining power and suggests that it may have low addic- 
tion-producing liability. 

Methyldihydromorphinone or Metopon (FricurE 4) is another new 
type of morphine derivative in which, in addition to hydrogenation and 
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substitution of the alcoholic hydroxyl by oxygen, a new substituent, a 
methyl group, has been attached to the hydroaromatic ring of the mor- 
phine molecule. The last is the essential feature, because in comparison 
with dihydromorphinone (Taste 3) Metopon exhibits an exaggeration 


TaB_eE 3 
Errective Doses 1n ANIMALS 


LDso0 Depressant Analgesic Emetic Respiratory Intestinal 
Mouse ‘at Cat Ca Rabbit Rabbit 


Dihydromorphinone 84 let 0.17 0.08 0.011 0.62 
Methyldihydromorphinone 25 3.00 0.07 0.15 0.012 3.00 


of analgesic effectiveness and diminution of sedative, euphoric, emetic, 
and intestinal actions. Animal experiments and preliminary clinical trial 
established these differences and, furthermore, indicated that oral and 
parenteral analgesic doses were essentially the same. With prolonged 
administration, tolerance and dependence developed more slowly with 
Metopon than with morphine. These results suggest that Metopon is an 
analgesic agent particularly advantageous for oral administration for 
chronic pain, since its action should be attainable with relative freedom 
from side effects and without the disadvantages of hypodermic injection 
and of loss of effectiveness by rapid development of tolerance. 

About two years ago, the Committee on Drug Addiction of the Na- 
tional Research Council recommended limited production of Metopon 
and arranged for its distribution for one year under its supervision. The 
Committee intended a large-scale clinical experiment in which the drug 
~would be made available to one class of patients, cases of terminal malig- 
nancy, and reports would be gathered on its usefulness. Acting for the 
Committee, the author has screened all Metopon orders and has ana- 
lyzed and tabulated the physicians’ reports. The drug has gone to more 
than five thousand cancer patients, and reports have been received on 
its trial in more than half of that number. 

Taste 4 summarizes the results as shown on all reports, disregarding 
dosage and other disturbing factors. Pain relief has been fair or better 
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TABLE 4 


Pain relief with Metopon, all reports 


Complete 32.3% 
Fair 41.8 
Poor 18.0 
None 7.8 
Mental condition after Metopon 
Clear FA.2% 
Dull 18.8 
Dopey 5.2 
Confused 1.6 


Sleep promoted, or permitted, by relief of pain 27.0 


in 74 per cent of all trials, and mental clarity without tendency to sleep 
has been reported in an equal number. Side reactions (TABLE 5) have 
been entirely absent in 90 per cent. Nausea, the most frequent and most 


TaBie 5 


Srpre Reactions with Mreroron 


None oak 2096 
Nausea 142 
Restlessness 28 
Headache 17 
Perspiration 18 
Dryness or burning in throat or stomach 91 
Dizziness 13 
Euphoria 10 
Disturbing dreams 9 
Burning of skin and/or hot flashes i 
Itching 6 
Anorexia 5 
Urticaria 2 
Tinnitus 3 
Allergic reaction 2 
Difficulty in urination 2) 
Palpitation 1 
Hiccough 1 
General numbness 1 
Nausea, previously reported (376), persisting after Metopon 36 
Signs of physical and psychic dependence for which Metopon 

was admittedly discontinued after brief trial 138 
Signs of physical dependence disappearing under continued 

Metopon administration 52 


disturbing side reaction, has been reported 142 times, but was evident 
in only 36 out of 376 patients for whom its occurrence after other medi- 
cation is known to have been a reason for trying Metopon. Other side 
reactions have been minor and infrequent. 

The greatest difficulty encountered in the trial of Metopon stems 
from the amount of previous medication for pain relief. Among the cases 
reported, Metopon has been tried in little more than 100 who had re- 
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ceived no previous narcotic; in about 500 who had received narcotics for 
6 weeks or less, a period in which some but relatively little tolerance and 
dependence will have developed as a rule; and in four times that number 
who had received narcotics for 2 months or more, when tolerance and 


: dependence almost always will have developed. Using only the results of 


doses of 6 mg., the recommended minimal analgesic dose, these have 
_ been grouped to determine the influence of the previous medication 


_ (TABLE 6). Quite definitely, the more previous narcotic medication the 


TABLE 6 
INFLUENCE oF Previous Narcotic ADMINISTRATION 
on Resutt OstarneD witH Mrroron 
(6 mg. per dose) 


No previous Narcotic administration Narcotic administration 
narcotic 6 weeks or less 2 months or more 

Number of cases 48 213 665 
Pain relief: 

Complete 27) 93 176 

Fair 1791 % 37} 70% ei 63% 

Poor 1 40 160 

None 3 3 85 
Incidence of nausea 0 9 30 


patient has received, the less will be the incidence of adequate relief. 
When tolerance to morphine and related substances has developed, 
some degree of cross-tolerance to Metopon may be present, diminishing 
somewhat its effectiveness. 

It is significant that nausea after Metopon has not been reported in 
the patients who had received no other narcotic. This would indicate 
that much of the nausea reported among the side reactions was related 
to the previous narcotic administration, a withdrawal sign, and was 
not a direct effect of Metopon. The drug not only is slower in producing 
dependence but also incompletely supports an established dependence. 

~The switch from morphine, etc., to oral Metopon can be and has been 
made satisfactorily in many of the cases reported, many times in spite 
of the temporary appearance of mild abstinence phenomena. It will be 
effected most easily, probably, by rapid reduction of the other drug dur- 
ing the first few days of Metopon administration. 

More than 300 physicians have submitted two or more reports on the 
same patient, covering periods of administration of 3 to 20 weeks. At 
least two-thirds of these cases have shown no indication of development 
of tolerance to Metopon. 

Metopon is difficult and expensive to make and will probably continue 
to be in limited supply. Consequently, it should not be considered a 
substitute for, or competitor with morphine for hypodermic adminis- 
trations for pre- and postoperative cases, for example. Rather, its ad- 
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vantages adapt it particularly to the ambulatory or semi-ambulatory 
patient with chronic pain. Indeed, in this field it stands out among mor- 
phine derivatives and other current agents of like potency as an anal- 
gesic for oral administration. Its use should be restricted, of course, to 
those cases in whom pain is of such severity as to demand an analgesic 
of morphine-like effectiveness. Especially if its use is started before tol- 
erance to other narcotics has developed, it can reasonably be expected 
to give adequate pain relief for a longer period, not in hours per dose, 
but in weeks of comfort without notable tolerance and dependence, and 
to give that relief almost always without side reactions or dopiness. 


PHARMACOLOGY OF DEMEROL AND ITS 
ANALOGUES 
By FREDRICK F. YONKMAN* 


Research Department, Ciba Pharmaceutical Products, Inc., Summit, N. J. 


a presenting the pharmacology of Demerol we have been forced, by 
limitations of space, to restrict the extent of our discussion, and we 
have selected from the numerous reports concerned with the pharma- 
cology of this compound those features which we deemed to be the most 
important. 

At least three of the previous papers have cited the fact that Demerol 
was the result of a search for a new synthetic atropine substitute. When 
Eisleb and Schaumann! synthesized Demerol back in 1939, they were 
not in search of a new analgesic agent but were seeking, rather, a spas- 
molytic agent which would act anticholinergically in the manner typical 
of atropine. The synthetic chemist reminds one of the hopeful fisherman. 
Frequently he goes out with the best equipment but all too often returns 
with very small fish. Then again, another may launch forth on his fishing 
expedition with a meager amount of equipment and facilities and come 
back with the prize, just as Eisleb and Schaumann did. Too often most 
of us go out full of hope and expectancy only to experience the pulling up 
of redundant material such as a lead boot or useless items comparable to 
a discarded tire; but apparently that is what keeps us going—the un- 
expected—and in time, we keep telling ourselves, some of us may be able 
to duplicate the experience of Eisleb and Schaumann. 

There is some similarity, from a structural point of view, between 
Demerol, atropine, and morphine. A glance at the morphine structure 
(FicuRE 1) indicates that it is not a phenanthrene derivative as had long 
been supposed, but, according to Gulland and Robinson,? it is a deriva- 
tive of the piperidine nucleus. In this sense, Demerol is akin to morphine 
since it, too, is a piperidine derivative; actually, by name, it is 1-methyl- 
4-phenylpiperidine-4-carboxylic acid. The similarity in terms of piperi- 
dine derivatives probably could account for the analgesic action of both 
Demerol and morphine but certainly could not be held accountable for 
the smooth-muscle actions of the respective compounds, since they are 
distinctly at variance in that morphine is spasmogenic whereas Demerol, 
as a rule, is spasmolytic. This point will be elaborated upon later. Refer- 
ence to the atropine structure in FIGURE 1, if one is permitted to follow 
the pencil gymnastics of Schaumann, discloses that atropine could also 
be considered a close chemical relative of Demerol and, therefore, one 
could conclude that the somewhat similar pharmacological actions in 
terms of spasmolysis and anticholinergic activity might have been an- 
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FIGURE 1. Atropine, Demerol (Dolantin), and morphine (SCHAUMANN). 


ticipated. However, it is difficult to correlate the different types of cen- 
tral nervous system activity of Demerol and atropine on the basis of 
their chemical structures. Again, which feature of a chemical formula 
determines this type of activity or that, is indeed a fact difficult to prog- 
nosticate. We see certain resemblances and then hope for some degree 
of correlation. The latter is permissible up to a point; but extensive 
speculation is merely that, and frequently it leads ultimately to con- 
fusion. 

Considerable pharmacological investigation of Demerol was made in 
this country soon after its introduction on the European continent. 
Along with the work of Climenko’ and Barlow‘ in the Winthrop Labo- 
ratories at Rensselaer, we have the very important work emanating from 
university laboratories under the name of Gruber and his associates, 
Hart and Gruber, Jr.> Tastz 1 indicates the relative safety of Demerol 


in three species of experimental animals, namely, white mice, albino 
rats, and rabbits: 


TaBLeE 1 
Animal Route of administration LDsp 
mg./kg. 
Ries eee { Intraperitoneally 147 
\ Orally 221 
Albino rats : Intraperitoneally 93 
Rabbits (average weight 1.7 kg.) Intravenously 32 
Rabbits (average weight 3.1 kg.) Intravenously 20 


This work substantially agrees with that of several other investigators, 
and clinical experience with Demerol during the last several years sup- 
ports the contention made earlier by various investigators that Demerol 
should prove to be a safe drug from the point of view of toxicity. 
Gruber and his associates were eager to determine the acute effects of 


Yonkman: Pharmacology of Demerol 61 


| 
TUSTTUNNNUNTTTUTENT NNT ETGT=TU<HTSTUTUOTUUTTNOTTTONOTUNUOL UEMUCCOIUNOTOUOOOOUGNOQOUOOOONONOQOOGD P< UU" SS-SOTTSTNNENNG TEST TNNGTTE TUTTI 


MIGURE 2. Dog 13 kg. 9. Ether anesthesia. Bottom record, time in intervals of 6 seconds and zero 
lood pressure; above it, time and speed of injection of the drug, 50 mm. mercury pressure. L, vol- 
ime record of rear extremity; K, kidney volume; S, volume of spleen; B, arterial blood pressure with 
nercury manometer. 0 indicates simultaneous points of all the levers. Up movement in L, K, and S$ 
ecords indicate increases and down movement decreases in volumes of the organs. At 1, 5.0 mg. of 
Jemerol per kilogram were injected intravenously. 


Jemerol when administered intravenously to the anesthetized animal 
uch as the dog. There resulted (FicurE 2) a marked hypotension, of not 
oo long duration, which was associated with an increase in leg volume 
nd spleen volume, apparently at the expense of kidney volume, which 
vas decreased. In other words, there was a redistribution of the blood 
ssociated with the acute hypotension, following the administration of 
Yemerol. These data early brought the attention of the enterprising 
linician to the fact that intravenous administration of Demerol might 
ye associated, in the clinical patient, with marked symptoms of toxicity 
elated to the acute hypotension. This will be referred to later when we 
liscuss the clinical pharmacology of Demerol. 

Demerol has recently been compared with methadone with reference 
o their effects on the blood pressure and respiration of the anesthetized 
log. Demerol and methadone (ricurE 3) are both depressing to blood 
ressure and likewise depressing to respiration. But the experiment 
ited, one which has been frequently and amply confirmed by others, 
lemonstrates the propensity of methadone to depress respiration. This 
ariance is a fact which becomes of considerable importance clinically, 
specially in the field of obstetrics, which will be referred to later. 

During our early experiences® with Demerol while at Wayne Univer- 
ity in Detroit, we were impressed with the fact that this drug had ex- 
ibited important antihistaminic properties. This was detected in vari- 
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FicurE 3. Comparison of the respiratory and circulatory effects of Demerol and 
methadone in anesthetized dogs upon intramuscular injection. (From TAINTER.1°) 


ous types of experiments in which the effects of several drugs on the 
nictitating membrane, salivation, pupil, and blood pressure were ob- 
tained in cats under Dial-urethane. The anticholinergic as well as the 
antihistaminic properties of Demerol and atropine have been demon- 
strated in more recent experiments (FIcuRE 4) with the cooperation of 
Mr. Frank Roth. The secretagogue or sialogogic effect of 10y of histamine 
was reduced from 4 cm. on the scale to .85 cm. after 5007 of Demerol had 
been administered intravenously. This amount of Demerol had no ap- 
preciable effect on the chorda tympanic control of salivation, whereas 
only 10y of atropine completely nullified the secretory stimulation of 10y 
of histamine and also completely eliminated the effects of faradizing the 
chorda tympanic nerve. In other words, Demerol was partially anticho- 
linergic but definitely antihistaminic, whereas atropine exhibited strong 


potentialities in terms of both functions, that is, the humoral and the 
neural control of salivation. 


Spasmolysis 

The antihistaminic effect of Demerol is further demonstrated in Fic- 
ure 5. The spasmolytic effect of Demerol against the spasmogenic effect 
of pitocin and epinephrine is likewise illustrated. Oddly enough, Dem- 
erol, in certain situations, seems to exert a spasmogenic action as is seen 
in the first tracing of ricure 5. Apparently, the effect to be observed 
following the addition of Demerol depends to some extent upon the func- 
tional state of the organism being tested. This finding has been amply 
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FicurRE 4. Demerol and atropine. 


RFIBBTT. [G4 : 12-31-41 
UTERUS ’ 


STRIPS 


‘12-30-41 


5h 
| Perey Afra 
( | ne nh iN 


PITOCIN WASH EPIMEPH, DEEROL 
1-125,000 {-250,000 1-3300 


Wist: 1-1,000,000 T DEM. I-41 


TIME=10 SEC. 


PITOCIN DEMEROL 
1-50,000° 1-5000 


FIGureE 5. Rabbit uterus strips. 
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observed by others and we wish to report here complete corroboration 
of this fact as first reported by Gruber and his associates. 

Because of the important contributions Dr. Gruber had made when 
he corroborated the work of my preceptor in pharmacology, Dr. O. H. 
Plant,’ in reference to the spasmogenic action of morphine on the in- 
testine, it was highly desirable that we determine the character of the 
action of Demerol in this regard. Ficure 6 illustrates the spasmogenic 


FIGURE 6. Reduced to } original size. Dog 10.4 kg. Q. Unanesthetized with Thiry-Vella fistula of 
ileum. Top record is of intestine and bottom record is the time in intervals of 15 seconds. Upstroke 
indicates contraction of muscle and increased tonus. At 1, 2.0 mg. per kilogram of Demerol were in- 
jected intravenously. For publication purposes, 15 minutes of the control record have been omitted 
and 5 minutes between records A and B. 


type of action manifested by Demerol when injected intravenously in 
the dog prepared with a Thiry-Vella loop whose activity was registered 
kymographically by the so-called closed-balloon manometric method. 
Gruber’s work in this regard has been amply confirmed by the work of 
many investigators including that of our associates. Because of the var- 
iance which frequently prevails between the results obtained experi- 
mentally in animals and in man, we were most eager to determine the 
effect of Demerol on the gastrointestinal tract of man. Ficure 7 demon- 
strates the arrestive or quieting action of Demerol (S—140) on the in- 
testinal tract of a patient prepared with an ileostomy. Peristaltic activity 
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FIGURE 7. Demerol in man. 
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(or the large tonal waves) as-seen in the control period was either pre- 
vented or decidedly moderated by Demerol, whereas morphine was spas- 
mogenic in its typical manner. Interestingly enough, Demerol was not 
successful in preventing the spasmogenie activity of morphine in this 
_ patient, a finding different from that which frequently prevailed in the 
colon. Figure 8 presents a comparative study of morphine and Demerol 
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FIGURE 8. Demerol and morphine in man. 


on the colon made in a patient afflicted surgically with a cecostomy. 
One notes that morphine was spasmogenic in this patient, whereas Dem- 
erol was spasmolytic in spite of the colonic spasticity prevailing after the 
opiate. 

We are indebted to Dr. Batterman® for his excellent studies on the 
effect of Demerol on the stomach. Dr. Batterman has made one of the 
finest investigations of Demerol, both experimentally and clinically, in 
this country, and it isa pleasure to pay him this tribute. One notes (FIGURE 
9) that Demerol invariably produced a quiescent effect on the normal 
contractile waves prevailing in the stomach of man. This effect prevailed 
for varying periods of time, depending upon the patient and the dosage 
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FIGURE 9. Demerol. (From BATTERMAN.’) 
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employed, but it is important to note that in no instance did te 
produce a spasmogenic effect similar to that which it produces in tl € ex- 
perimental dog or like that which morphine produces in man. This is a 
fact of great importance from a clinical point of view. ree 
There remained one portion of the alimentary tract to be studied in 
detail, namely, the duodenum and the jejunum, and for these studies we 
are indebted to Dr. Gaensler and his associates? at the Boston City Hos- 
pital, who employed the technique designed by McGowan, Butsch, and 
others at the Mayo Clinic. Ficurs 10 serves to illustrate the technique 


FIGURE 10. Apparatus connected to T-tube. This picture was taken shortly after 
administration of morphine; the fluid in the manometer has started to rise. 


employed. Following cholecystectomy or removal of the gall bladder in 
certain patients, a T-tube was left in the common bile duct for purposes 
of drainage. At appropriate periods, this tube was connected manomet- 
rically to a saline or water flow system, the elevations and falls of which 
could be registered kymographically with a tambour system. The effects 
of various drugs are readily observable in ricures 11 and 12. One notes 
that amyl nitrite, following inhalation, relaxes the tone of the duodenum 
or jejunum whereas Demerol is markedly spasmogenic, much as it is in 
the ileum or small intestine of the dog. 

Added evidence concerning the Spasmogenic properties of Demerol is 
gained from cholangiograms of the patients studied with the use of dio- 
drast instilled directly into the common duct. Following Demerol, no 
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FIGURE 11. Kymograph tracings showing pressure changes associated with two instances of biliary 
colic produced in different patients by the administration of 100 mg. of Demerol intramuscularly. Re- 
lief in the first case was obtained with inhalations of amyl nitrite and in the second with 240}mg. of 
theophylline with ethylenediamine (aminophylline) given intravenously. P, pain. The base line or 
zero level in this and succeeding illustrations is at the level of the xiphoid with the patient in the 
prone position. (From GAENSLER et al.”) 
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FIGURE 12. Demonstration of the inability of Demerol to relieve morphine-induced spasm. In this 
particular patient, Demerol produced more spasm than did morphine. Relief was obtained with amyl 
nitrite. (From GAENSLER et al.”) 


diodrast passed through the sphincter of ( yddi into the duodenum (FIGURE 
13), whereas inhalations of amyl nitrite relaxed this spasticity to such an 
extent that diodrast, as a contrast medium, did pass through the sphine- 
ter appreciably to reduce the amount contained in the common duct. 

When one reviews the compilation of studies of ten patients with 
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FIGURE 13. A, cholangiograms: there is marked spasm at the lower end of the common bile duct 
with dilatation above (hydrohepatosis). No diodrast reached the duodenum. B, the second plate was 
taken one minute following inhalation of amyl nitrite. The sphincter has relaxed and contrast media 
is flowing freely in to the duodenum. (From GAENSLER ¢t al.”) 

T-tube drainage of the common bile duct under the influence of codeine, 
Demerol, and morphine (F1curE 14), one is impressed with the close par- 
allelism between the spasmogenic action of Demerol and morphine. In 
almost every case, codeine was not as spasmogenic in its action as were 
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FIGURE 14. Comparison of the spasmogenic action of codeine, Demerol, and morphine on the sphinc- 
ter mechanism of the common bile duct as measured by chan 


ges in the intrabiliary pressure i 5 
(From GAENSLER et al.°) 1 ae 


Demerol and morphine, and it is also obvious that Demerol was almost 
always as active spasmogenically as morphine in each patient. The work 


of Gaensler and his associates is an important contribution to the phar- 


macology of Demerol in man, and, although it confirms the results ob- 
tained in the dog prepared with the Thiry-Vella loop, it comes somewhat 
as a Surprise In view of the general spasmolytic rather than spasmogenic 
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action of Demerol in the gastrointestinal tract of man (except in the 
duodenum and jejunum). 

Because of the work of Gaensler and his associates, we were eager to 
determine the effects of Demerol on one portion of the colon which had 
not been previously studied, namely, the rectum. The effects of morphine 
on the entire colon had been well known,!! as illustrated in ricurE 15. 
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FIGURE 15. Colostomy (male). 


The spasmogenic action of morphine undoubtedly accounts for the 
marked constipation observed in many patients postoperatively and in 
addicts; if the same action prevailed following Demerol, this would ob- 
viously be a decided deterrent to its broad clinical usage. Clinical ex- 
perience over several years had failed to support the idea that Demerol 
was constipating like morphine. The kymographic evidence was not at 
hand and we therefore approached Dr. Frederick R. Steggerda! of the 
Department of Physiology at the University of Illinois in Urbana, to 
make such studies with his specially designed rectal insufflation tube 
technique. Ficure 16 indicates the relaxing effect of Demerol on the distal 
colon of three different subjects. In no instance was Demerol spasmo- 
genic as it is in the duodenum and jejunum. This failure of spasmogenic- 
ity prevailed despite marked side effects in one patient which proceeded 
to the point of fainting. One notes that, in each of the three subjects 
studied, a dose of 100 mg. of Demerol intramuscularly elicited either no 
side effects, moderate side effects or severe side effects in the respective 
subjects, a finding supported amply by wide clinical usage. 

The failure of Demerol to act spasmogenically like morphine in the 
colon of man is further emphasized by FricuRE 17, which presents a kymo- 
graphic tracing obtained from a young man with a colostomy. This pa- 
tient, at the Detroit Receiving Hospital, had received Demerol in a 
dosage of 250 mg./day for four days prior to this experiment. One notes 
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FIGURE 16. Demerol in man. 
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FIGURE 17. Demerol in man. 


that the colonic tracing is quite uniform and presented no variations 
from several pr eviously obtained control tracings even after 200 meg. of 
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Demerol (Dolantin) had been_injected intramuscularly. It is quite evi- 
dent why Demerol is to be preferred clinically inthose patients who react 
prominently by way of a spasmogenic effect to morphine following either 
_ acute or chronic administration of the drug as indicated. 


Analgesia 
The analgesic power of Demerol has been tested by various means. As 
a rule, one of the important test objects has been the white rat. Ficure 
18 is taken from the work of Dr. Tainter and his associates® at the Ster- 
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Ficure 18. Comparison of the analgesic power of Demerol, methadone, and morphine, as tested by 
the proportion of rats responding to a 4-second heat stimulus to the skin 30 minutes after subcuta- 
neous injection of graded doses of the three analgesics. (From TAINTER.'*) 


ling-Winthrop Research Institute and indicates the comparative anal- 
gesic potencies of Demerol, methadone, and morphine. It is noted that 
the various analgesic agents are effective in 50 per cent of the animals 
tested in the following milligram per kilogram dosages: methadone 0.48, 
morphine 1.65, and Demerol 7.4; hence, methadone was 3.4 times more 
potent than morphine, whereas it was 15 times stronger than Demerol. 
By this standard and test as employed, methadone was the most potent 
analgesic of the three compared. 

The analgesic power of Demerol had been compared earlier with that 
of morphine and codeine in human subjects using the Wolff-Hardy- 
Goodell technique, by various investigators and particularly by Dr. 
~ Barlow, formerly of the Sterling-Winthrop Institute. Ficure 19 depicts 
the comparative action of two doses of Demerol in terms of codeine and 
morphine analgesia. It is noted that Demerol ranks between codeine and 
morphine, and although it is not quite as potent an analgesic agent 
as morphine it is definitely superior to codeine in the ordinary doses em- 
ployed. 

It was our privilege to have participated in the study of Demerol in 
clinical subjects!4 while at Wayne University, and I wish gratefully to 
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FIGURE 19. Comparison of analgesic power of morphine, Demerol, and codeine in human subjects 
when tested by the pain threshold of the skin to heat stimuli. The curves are the averages of 16 ex- 
periments. (From TAINTER."*) 


acknowledge the fine cooperation of our former associates, Dr. Paul 
Noth and Dr. Hans Hecht. Dr. Noth, of the Department of Medicine 
at Wayne University, conducted his studies at the Detroit Receiving 
Hospital and Dr. Hecht, now of the University of Utah but formerly of 
the same Department, made his studies at the William J. Seymour Hos- 
pital, Eloise, Michigan. It was a genuine pleasure to have worked with 
both of them. 

The appraisal of the analgesic effect of Demerol was made in terms of 
the degree of relief obtained, that is, either complete or partial relief, or 
failures expressed as no relief. It is of interest to note the varying types 
of pain which were studied. As one scans TABLE 2, one observes that pain 


TaBLe 2 


Awnaucersic Errecr or Demeron 
Types of pain Results 


—_———_ a TT oF 
No. of cases Complete relief Partial relief No relief 


Arthritic 9 6 2 1 
Gastrointestinal 99 15 6 1 
Biliary tract 5 = 1 1 
Renal 6 6 

Osseous and/or nerve 26 14 8 4 
Headache 18 13 Q 3 
Pleural 12 8 2 iy) 
Cardiac 10 if 2 1 
Miscellaneous 15 9 A 2 

Total 123* 81 (65.8%) 27 (22.0%) 15 (12.2% 


* Five patients had 2 types of pain. 
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associated with spasm of a hollow viscus seemed tolend itself most readily 
to Demerol therapy. The two failures noted under gastrointestinal and 
biliary tract types of pain could have been due to the spasmogenic effect 
of Demerol in the upper part of the digestive tract. Despite the fact that 
Demerol is an analgesic agent centrally, the functional pathology pre- 
vailing at the site or source of pain in the upper digestive tract might 
have been too severe (increased spasm!) to be adequately covered by the 
central analgesic action of Demerol. An attempt was made to break 
down the analgesic appraisal into three groups, which, in reference to the 
degrees of pain, were classified as very severe, severe, and moderately 
severe. The degree of relief was expressed, as in TABLE 3, in terms of com- 


Tasle 3 


Awaucesic Errect or DemEROL 
(127 instances in 81 patients) 


Degree of pain Results 
(SS Sooo 
Complete relief Partial relief No relief 
SS SS 
No. Group No. Group No. Group 
instances % instances on instances % 
Group 1 
Very severe 26 59.1% 8 18.2%, 10 291% 
(44 instances) 
Group 2 
Severe (50 instances) 29 58.0% 14 28.0% % 14.0% 
Group 3 
Moderately severe 25 15.7% 6 18.2% 2 6.1% 
(33 instances) 
Combined groups 80 63.0% 28 22.0% 19 15.0% 


(127 instances) 


plete and partial relief, or failure expressed as no relief. One observes 
that the analgesic effect of Demerol is 85 per cent, which closely approxi- 
mates that set forth in Taste 2, namely, about 87 per cent. 


- Sedation 

Another important pharmacodynamic action of Demerol is that of 
sedation. Although this is not as prominent with Demerol as that ex- 
perienced with morphine, it can be made use of in certain patients. 
Tape 4 indicates the degree of sedation observed, with or without sleep, 
in three varying degrees of pain previously described, namely, very se- 
vere, severe, and moderately severe. One observes that sleep was induced 
inapproximately 50 per cent of the patients studied. This might well have 
been due to the fact that pain in many of these patients, especially in 
group 1, had been so severe that considerable insomnia was endured by 
the patient because of attending pain. The analgesic action of Demerol, 
resulting in obtunding of the pain, might have permitted sleep in the 
exhausted patient so that sedation, although apparent, might have been 
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TaBLe 4 
Sepative Errecrt or DemMEeroL IN PrEsENCE OF Pain 


(99 instances in 81 patients) 


Degree of pain Results 
— Yo. 
Sleep induced Sedation No effect 


without sleep 


SS rE SS 
No. Group No. Group No. Group 


instances % instances % instances OG 
Group 1 
Very severe 18 54.5% 6 18.2% 9 HY 
(33 instances) 
Group 2 
Severe (37 instances) 15 40.5% 15 40.5% 7 19.0% 
Group 3 ; 
Moderately severe 17 58.6% 9 SLOG & 10.4% 
(29 instances) 
Combined groups 50 50.5% 30 30.3% 19 19.2% 


(99 instances) 


gained indirectly by relieving pain as the cause of sleeplessness, rather 
than by a direct sedative property of the analgesic agent. Sedation with- 
out sleep was observed in approximately 30 per cent, but on the other 
hand 19 per cent failed to demonstrate any sedative effect. This is in 
decided contrast with morphine, which invariably produces sedation in 
moderate or severe degrees, depending on the dosage employed. 


Side Effects 


Varying types of side reactions or undesirable sequelae were observed 
in several of our patients. These were of varying degrees and intensities, 
and the types and severities are enumerated in TaBE 5. In seven cases of 
those studied, it was.necessary to withdraw or alter the medication be- 
cause of the severity of the side reactions associated with Demerol ther- 
apy. Some patients experienced subjective vertigo on very small doses 
of the drug, namely, 25 mg. as a total dose, whereas others tolerated it 
very well without the least side reaction on doses as high as 300-400 me. 
or more daily. Induration of the tissues at the site of injection seemed to 
be associated chiefly with the technique of administration. In other 
words, intramuscular injections were well tolerated but superficial subcu- 
taneous injections frequently invoked an induration reaction, Dryness of 
the mouth was to be anticipated because of the weak anticholinergic 
action which Demerol exerts. Euphoria is of special note because of the 
capacity of Demerol to produce physiological dependence upon it. In 
this respect, it is akin to morphine and alcohol, but in varying degrees. 
Further scanning of raster 5 indicates the usual types of side reactions 
associated with many new drugs, but special note should be taken of 
that single instance in which vascular collapse with bronchial spasms 
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——~ Tass 5 
Sipe Errects or Demrror 


(Experienced by 40 of 146 patients) 


Symptoms No. of instances* 
Subjective vertigo 10 (1) 
Induration of tissues at site of injection 10 
Dryness of mouth 10 
Euphoria 8 
Nausea and vomiting 5 (3) 
Paresthesias 4 
Nausea 3 
Sweating 2 
Muscular relaxation Y) 
Palpitation and increased dyspnea 1 (1) 
Vascular collapse with bronchial spasm i (@) 
Insomnia and restlessness 1 (1) 


Transient dimness of vision, pain at site of injec- 
tion, drug eruption (?), delusions, urticaria—each 1 
Total 62 (7) 


* Numbers in parenthesis indicate cases in which side effects necessitated stopping Demerol. 


was observed. This calls to mind the important pioneer studies of Gruber 
and his associates dealing with acute hypotension following administra- 
tion of Demerol intravenously in the dog. There have been other reports 
of this type appearing in the literature since this announcement, but it 
should be stressed that Demerol can be given safely and with a fair de- 
gree of impunity if it is injected slowly in adequate fluid volume. 

The frequency and varieties of side effects from Demerol have been 
thoroughly studied by Dr. Batterman.’ It is his conclusion that side re- 
actions are much more severe and frequent in the ambulatory than in 
the hospitalized patient. Furthermore, it seems to be the rule that med- 
ication of this type when administered orally is more of an offender than 
when it is administered parenterally. The same conclusion has been 
drawn by Dr. Batterman from his experiences with methadone, as indi- 
cated in TABLE 6. 

~The matter of addiction to Demerol has received considerable atten- 
tion in both the foreign and American literature, and since this topic 
will be very adequately discussed by several authorities participating in 
this conference we shall refer to it only very briefly at this time. We have 
observed physiological dependence to Demerol in our series of patients, 
“but it is the author’s impression that Demerol, at the time our studies 
were made, was not necessarily primarily addicting since most physi- 
ological dependence, as observed in our patients, occurred chiefly in 
those subjects who had been addicted previously to morphine or other 
agents of this type.!# Although addiction to Demerol can be produced, 
it is apt to occur not only less frequently and less intensively but can 
also be more readily corrected than addiction to morphine. 
The important actions and uses of Demerol as compared with those 
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TABLE 6 


Nan % 
Percenrace Frequency AND Vartertes oF Sipe Errecrs rrom MretHapDone 


Kind of Hospitalized patients sapere! 
j << ent. 

aed Parenteral Oral se ee 

route route 

% % % 

Dizziness Titel 20.0 70.0 
Nausea 4.4 15.4 40.0 
Vomiting By3) 4.6 18.6 
Diaphoresis 5.5 9.2 18.6 
Epigastric pain 15 
Dryness of mouth Te 4.6 ao 
Anorexia 2.2 9.2 10.0 
Pruritus 1D) 6.6 
Weakness 12.3 93.3 
Headache 2.2 3.2 10.0 
Drowsiness Do 13.8 Soe 
Grogginess 3.3 4.6 6.6 
Miosis 2.2 4.6 
Urinary retention 15 
Visual disturbances 4.6 6.6 
Mental confusion and toxic psychosis Ul 9.2 
Numbness 6.6 


* From BATTERMAN & OSHLAG.”* 


of morphine can best be summarized in TABLE 7, which it was our good 
fortune to receive from Dr. Goodman and Dr. Gilman as it is planned for 
their revised edition of The Pharmacological Basis of Therapeutics which 
we trust will soon be forthcoming. 

Some of these points are worth special attention. For example, respira- 
tion is never depressed by isonipecaine (Demerol) but is uniformly de- 
pressed by morphine, making the former the drug of choice by many 
obstetricians. Not only is the mother’s respiration maintained quite 
readily at status quo but there is seldom, if ever, any significant degree 
of respiratory embarrassment of the newborn which is quite the con- 
trary in terms of morphine. 

Smooth muscle of the GI tract is uniformly rendered spastic with mor- 
phine, whereas it is either unaffected or relaxed by Demerol with the 
singular exception of the duodenum, as previously reported in reference 
to the work of Gaensler and his associates. 

The comparative degrees of euphoria and tolerance probably account 
considerably for the differing likelihood of addiction to Demerol and 
morphine, the drug pr oducing the greater degree of euphoria and toler- 
ance likewise being more likely to produce addiction, as is the case with 
morphine. 

The prominent symptom of overdosage associated with the action of 
these drugs on the central nervous system is that of excitement resulting 
from Demerol and depression from morphine, effects in direct apposition. 

As a preanesthetic medicament, Demerol is being given wide usage, 
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A Comparison or IsonrpecaAine* anp Morputne 


Source 


Discovery 


Isonipecaine 
Synthetic piperidine deriva- 
tive 
1939, Eisleb & Schaumann 


Locus of C.N.S. action 


Type of C.N.S. action 
Ratio of sedation: analgesia 
Analgesic potency 
(weight basis) 

Respiration 

Cough reflex 

Pupils 

Corneal reflex 


Cortex and diencephalon 


Depression and excitation 
Low 


1 

Rarely depressed 
Not depressed 
Usually unaltered 
Markedly obtunded 


Morphine 
Natural alkaloid of opium 


1803, Sertiirner 


All segments of cerebro- 
spinal axis 

Depression and excitation 

High 


10 

Uniformly depressed 
Depressed 
Characteristic miosis 
Rarely affected 


Smooth muscle 
Secretions 
Cardiovascular effects 


Spasmolysis 

Inhibited moderately 

Benign, occasionally syn- 
cope 


Spasm 
Inhibited slightly 
Benign 


Euphoria 

Addiction liability 
Tolerance 

Untoward side effects 


Inconstant, moderate 

Moderate, rarely serious 

Moderate, rare 

Many, usually transient, 
not serious 


Frequent, marked 

Marked, frequently serious 

Marked common 

Many persistent, trouble- 
some 


Dosage 50 to 200 mg. 5 to 20 mg. 
Route of administration Oral, intramuscular All routes 
Duration of analgesia 3 hours + 4 hours + 
Overdosage Excitement Depression 
Uses: 
Relief of pain Satisfactory Satisfactory 
Antiperistaltic Not useful Useful 
Cough Not useful Useful 
Sedation and sleep Occasionally useful Often useful 
Antispasmodic Satisfactory ~ Contraindicated 
Preanesthetic medication Satisfactory Satisfactory 
Labor Satisfactory Care! 


* Demerol. 


~ and the same statement can be made for its selection in the field of ob- 
stetrics where it has become a very valuable drug primarily because of its 
lack of respiratory effects in efficient analgesic dosage. 

As stated earlier, limitations of time necessitated severely restricting 


material for this presentation. The 
and interesting reports available w 


re are many other extremely valuable 
hich deal with still other pharmaco- 


logical features of Demerol, but we regret that we can only refer to some 


of these as they pertain to studies de 
local anesthesia,!6 fate,!7-!® and gener 


Derivatives of Demerol 


aling withelectroencephalography,” 
al metabolic effects.® 


Numerous attempts have been made to prepare various derivatives of 
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Demerol. MacDonald and his associates”? have prepared an isomer of 
Demerol, known as iso-pethidine (r1curE 20), which was studied by vari- 
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FIGURE 20. (From MACDONALD et al.?") 


ous techniques. Glazebrook and Branwood?! used as their criterion the 
ability of iso-pethidine to depress pain afflicted by a sharp point under 
varying degrees of pressure as produced by inflation of a modified blood 
pressure unit (FIcuRE 21). Analgesia was calibrated in terms of the excess 


Pressure. Reconore 


Rosser Daprrace 


FIGURE 21. Device for measuring pain threshold. (From GLAZEBROOK & BRANWOOD.?! 


pressure required to inflict pain after the administration of iso-pethi- 
dine, pethidine, and coco-tabs (combination of aspirin, Phenacetin, and 
codeine). Figure 22 indicates that pethidine is still somewhat stronger 
as an analgesic than is its isomer, iso-pethidine. 

Other derivatives of Demerol have been prepared and are illustrated 
in FIGURE 23, Some of these compounds are apparently more effective 
analgesics when appraised in various types of experimental animals, and 
present clinical trials indicate definite promise in terms of specific ad- 
vantages. Further clinical appraisal is necessary, however, before final 
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Ficure 22. Average amount of alteration in pain threshold measured in mm. Hg in each group of 20 
eases. No coco-tab column is shown at the quarter-hour mark, because no difference in pain thresh- 
old was recorded at this time. (From GLAZEBROOK & BRANWOOD.”?) 
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Ficure 23. Structural formulae and synonymous names of 
some of the new synthetic analgesics. (From TAINTER."*) 


~eonclusions can be drawn concerning comparative desirability of these 
Demerol or pethidine derivatives as prepared in the Winthrop labora- 
tories. 

Another important and interesting series of piperidine derivatives 
(prepared by Lee and his associates”) has been studied by Foster and 
Carman,” who draw the following important conclusions concerning the 
relation of pharmacodynamic activity to chemical manipulation: 

1. The 4-phenyl radical is essential, e.g., 
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Nu-848 Nu-782 


0-CO-CaHs | 0.CH-C:Hs 
LW 


1 i 
| 
C2H, C2Hs 


AD 1.40 > 200 mgm/kgm. AD 1.40 = 2.2 mgmk./gm. 
Highest index at any dose = 1.18 


One notes that, in the absence of the 4-phenyl radical, the analgesic 
dosage is decidedly reduced, that is, instead of 2.2 mg./kg. as is charac- 
teristic of compound Nu-782, the dose required of Nu-848 for a similar 
degree of analgesia is 200 mg./kg.; in other. words, the latter derivative is 
practically inert in feasible amounts of the drug employed. 

2. The 4-phenyl radical may not be replaced by certain other sub- 
stituents such as benzyl (Nu-840), naphthyl (Nu-806, Nu-811), p-tolyl 
(Nu-881) or p-methoxy-phenyl (Nu-759, Nu-880); e.g., 


Nu-758 Nu-718 
CH;0 
0-CO-C:Hs O-CO-C:Hs 
SW 
1 i 
CH; CH; 
AD 1.40 > 150 mgm./kgm. AD 1.40 = 1.4 mgm./kgm. 


Highest index at any dose = 1.29 


3. The4-acyloxy radical is essential since deviation from this structure 
reduces the activity, e.g., 


Nu-853 Nu-854 Nu-830 


S 
“ ee te 


i 1 i 
C,H, Cy, Hy & Hy 


AD 1.40 > 50mgm./kgm. AD 1.40 > 100 mgm./kgm. AD 1.40 = 3.5mgm 
Highest index at any Highest index at any ie ; oc 
dose = 1.23 dose = 1.08 


_ 4. Shifting the phenyl and acyloxy radicals from the 4- to the 2-posi 
tion practically eliminates the analgesic activity, e.2., 
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Nu-838 Nu-718 


O 0-CO-.C:Hs 
0 a 


N 0O-CO-C:Hs 
N 


CHs | 
CH; 


AD 1.40 > 100 mgm./kgm. AD 1.40 = 1.4 mgm./kgm. 
Highest index at any dose = 1.07 — 


5. The carbon-oxygen linkage at the 4-position results in"greater an- 
algesia than with carbon-carbon linkage in this position, ¢.., 


Demerol Nu-718 
CO-0-C:2Hs 0-CO-C:Hs 
re 
: : 
CH; CH; 
AD 1.40 = 43.6 mgm./kgm. AD 1.40 = 1.4 mgm./kgm. 


It does seem remarkable that the shifting of the carbon and oxygen in 
Demerol to that prevailing in compound Nu-718 results in such a marked 
increase in analgesic potency. One notes that the improved compound is 
approximately 30 times more potent than Demerol in analgesic capacity. 
This material is now in clinical trial and we await results with genuine 
interest. If it were to be demonstrated that this Demerol derivative, 
Nu-718, is a potent analgesic clinically without the side reactions associ- 
ated with the administration of Demerol, we should be more nearly ap- 
proaching the goal of an ideal analgesic. This would be more particularly 
true if it possessed a lessened capacity to develop, within the patient, 
physiological dependence upon it. Time will tell, and let us hope for the 
best. 
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PHARMACOLOGY OF METHADONE AND 
RELATED COMPOUNDS 


By K. K. CHEN 
The Lilly Research Laboratories, Indianapolis, Indiana 


1 TRODUCTION. The development of methadone, in the United 
States, as an analgesic drug in rivalry with morphine is one of the med- 
ical adyances resulting from World War IT. It was the State Department 
that sent the Technical Industrial Intelligence Committee, composed of 
Kleiderer, Rice, Conquest, and Williams, to investigate the research ac- 
tivities of I. G. Farbenindustrie at Hoechst-am-Main.! Among the 25 
projects examined, the one on analgesics appears to be the most out- 
standing. It is an offshoot of Demerol research, but deals with a different 
class of compounds. One member of the series having the chemical for- 
mula of 6-dimethylamino-4,4-diphenyl-3-heptanone, shown below, is 5 
to 10 times as active as Demerol: 


Tien oc2 
CH3 


The Council on Pharmacy and Chemistry of the American Medical As- 
sociation has adopted the non-proprietary name of methadone.? Manu- 
facturers in the United States call it “‘Dolophine” (Methadon, Lilly) 
and ‘“‘Adanon” (Winthrop). In England, it is known as miadone. The 
I. G. serial number for this compound was 10820, and the code-name for 
clinical testing in Germany, amidon. The latter was derived from pyram- 
idon by the omission of the first syllable. According to direct informa- 
tion from Germany, the term amidon would not have been used for mar- 
keting of this product. Unfortunately, in the United States, the word 
amidone, with an ‘te” at the end, is becoming increasingly common in 
scientific literature. This name is not very desirable, because confusion 
“may arise from “?’amidon,” the French word for starch. The alcohol cor- 
responding to methadone has been referred to as “amidol”; but the latter 
has already been used to designate a photographic developer, diamino- 
phenol. It would seem better if the name amidone could be dropped en- 
tirely. ag 
One of the questions which come to anybody’s mind 18, why the Ger- 
mans did not exploit the possibilities of methadone in military and civil- 
ian medicine during the War, especially in view of the morphine short- 
[ 83 ] 
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age. Through correspondence with a former I. G. employee, it was learned 
that both the German firm and the military authorities discredited the 
product because of its side effects. It was probable that the doses they 
employed were larger than necessary and thus resulted in untoward 


symptoms. 


Action on the Central Nervous System. Much more information is now 
available regarding the pharmacology, toxicity, clinical uses, and addic- 
tion liabilities of methadone, as a result of intensive investigations car- 
ried out in various laboratories in this country. Like morphine, it has a 
profound action on the central nervous system.? It raises pain threshold 
by the depression of the somesthetic area of the brain. In rats, a dose of 
1 mg. per kg. injected intraperitoneally is sufficient to nullify the pain 
from pinching of the tail, according to the Haffner technique.‘ Similarly, 
in dogs, the same dose injected subcutaneously elevates the thermal 
threshold to cause a skin-twitch of the back, measured by the Andrews 
modification® of the Hardy-Wolff-Goodell method.‘ In man, by the latter 
procedure, methadone in the dose of 2.5 mg. given by mouth raises the 
thermal pain threshold of the forehead. When compared with morphine 
sulfate, methadone, in form of hydrochloride, is twice as active analgesi- 
cally, weight for weight.’ This is true in all three species of animals—rats, 
dogs, and man. The relief of pain by methadone in clinical cases has been 
amply proved.8~4 

The new drug produces sedation? % 1°12 by the depression of the 
sensory areas of the brain cortex. This can be demonstrated in both 
cold-blooded and warm-blooded animals. The amount required to bring 
about sedation is substantially greater than that for analgesia. In this 
respect, methadone is relatively less effective than morphine. As an illus- 
tration, methadone HCl in a 2.5—7.5-mg. dose relieves pain without se- 
dation in human subjects, while morphine sulfate in a 15-mg. dose also 
relieves pain, but is accompanied by lessened activity, mental sluggish- 
ness, and a desire to sleep. 

Methadone in rather large doses depresses respiration, presumably by 
direct action on the respiratory center.? This is manifested in anesthe- 
tized dogs by a decrease of respiratory rate, and, frequently, amplitude, 
as well as by a decrease in the volume of expired air. Fall of respiratory 
rate has been observed in man with doses of 10-30 mg.16 17 

In anesthetized dogs, an intravenous injection of methadone is also 
followed by a decrease of heart rate.2}7 The decrease may be prevented 
by the section of vagi, or by intravenous injection of atropine. The ac- 
tion is, therefore, attributable to the stimulation of the vagal center. 
The same effect is exerted on the intestines.» 18 19 Methadone, injected 
intravenously, stimulates peristaltic movements of intestines in situ of 
non-anesthetized dogs, which is antagonized by atropine. Since meth- 
adone uniformly inhibits the isolated intestinal movements, its action 
here must be central in origin—namely, on the vagal center. 
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One of the side effects in human subjects from an overdose of metha- 
done is vomiting, preceded by nausea.* 10, 12 It appears more frequently 
in individuals who move around than in those who remain in bed. The 
emetic action of methadone is, most likely, due to the stimulation of the 
vomiting center, and not to local irritation of the gastric mucosa, since 

vomiting occurs after parenteral administration of the drug. It is inter- 
esting that such animals as pigeons, dogs, and monkeys, which are very 
“sensitive to emetic drugs, do not vomit following the administration of 
methadone, in any quantity. So far as is known to date, man is the only 
mammal susceptible to the emetic action of this new analgesic. 

Methadone, when injected subcutaneously into mice, causes contin- 

uous erection of the tail, in exactly the same manner as morphine.’ 
An example is shown in Ficure 1. This phenomenon for morphine has 


FIGURE 1. Action of methadone and morphine on the mouse tail. The ani- 
mal on the left-hand side received methadone in the dose of 2 mg. per kg., 
and that on the right-hand side, morphine in the dose of 5 mg. per kg. 


been interpreted by Heinekamp” as due to the stimulation of the spinal 
cord. It is conceivable that methadone may follow the same pattern of 
action. Leopard frogs, African clawed frogs, or turtles, after receiving a 
lethal or sublethal dose of methadone, undergo a period of narcosis, fol- 
lowed by hyperirritability. During the latter stage, a gentle tapping re- 
sults in a quick twitch of all muscles. Pithing, but not destruction of the 
medulla, abolishes all muscular movements. Mild as it may be, the re- 
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action may be construed as evidence of stimulation of the spinal cord. 
On the other hand, Wikler and his colleagues?! and Leimdorfer” ob- 
tained negligible evidence in favor of cord action in cats and dogs. 

The action of methadone is, therefore, mixed and complicated. It de- 
presses the sensory areas of the brain cortex in the form of analgesia and 
sedation; and it depresses the respiratory center of the medulla. On the 
other hand, it stimulates the vomiting center of the medulla in man; it 
stimulates the vagal center controlling the heart and intestines; and it 
has a questionable action on the spinal cord. 


Action on Smooth-Muscle Organs. 'The I. G. workers recorded! that 
methadone relaxed isolated guinea pig’s intestines and released their 
spasm induced by musculotropic substances such as histamine and bar- 
ium chloride, or by cholinergic substances such as carbamyl choline. 
Similar results of the same experiments with Demerol? 24 made them 
look upon the entire class of compounds as antispasmodics, The analgesic 
property was an incidental finding. The inhibitory action of methadone 
on isolated intestines of rabbits and guinea pigs was also reported by 
American investigators.® 25 26 

Gruber and his associates” had already shown that Demerol has a 
stimulating action on intestines in situ. The same happens to metha- 
done. It has been repeatedly pointed out that, in trained non-anesthetized 
dogs, the action of methadone on ileum or jejunum in situ is purely ex- 
citatory.*: 19 It appears, then, that in the intact animal methadone stimu- 
lates intestines by acting on the vagal center, as mentioned above; but 
if the central connection is severed, as in the case of isolated intestines, 
the drug is primarily inhibitory by direct action on smooth muscles. 

Regarding the isolated uterus, the action of methadone appears to de- 
pend on its initial activity. If it is in rhythmic movements, the drug 
causes relaxation; but if it is inactive at the start, the drug usually pro- 
duces contractions.2® 28 The isolated rat’s and hamster’s uteri are al- 
ways rhythmically active, and they respond to methadone by relaxation. 
The isolated rabbit’s uterus may be active or inactive, and its response is 
usually opposite to its own state of motility. In case of a spasm induced 
by mecholyl or ergonovine, methadone consistently shows a relaxing 
effect. The rabbit’s uterus in situ is frequently inhibited by methadone. 

The ureter is another smooth-muscle organ, the reaction of which is 
of more than academic interest, because the drug may be thought of in 
renal colic. In anesthetized dogs, Dr. Lee of our laboratory”? observed 
relaxation of ureteral movements recorded by the Tratner method. 

The action of methadone on smooth-muscle organs is, therefore, also 
complicated. In the intact animal, it appears to stimulate intestines, but 
to inhibit the uterus and the ureter. When isolated from the body and 
immersed in 'Tyrode’s or Ringer’s solution, the intestines uniformly re- 


spond by relaxation, and the uterus moves in the opposite direction in 
accordance with its own activity. 
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Local Anesthesia, Hyperglycemia, Hypothermia, Absorption, and Elim- 
ination. Everett! first reported that methadone had a local anesthetic ac- 
tion on the rabbit’s cornea, the duration of which equaled that of cocaine. 
He emphasized its irritating properties and advised against its practical 
use. Unpublished data of our own laboratory showed that 0.1 cc. of a 
1 per cent solution of methadone injected intracutaneously into guinea 
pigs produced local anesthesia lasting for an average of 85 minutes. The 
same solution, when instilled in the rabbits’ eyes, resulted in corneal 
anesthesia for an average of 13 minutes, with marked chemical inflamma- 
tion. Barring its clinical application, the observation indicates that 
methadone temporarily paralyzes peripheral, sensory nerve fibers—an 
action not shared by morphine. 

Rise of blood sugar in dogs and rabbits following parenteral adminis- 
tration of methadone has been pointed out by Wikler, Haag, Phatak, and 
their respective associates.) 32-34 Our own studies on rabbits by in- 
travenous injection of the drug fully confirm their results, as exemplified 
in FIGURE 2, 

Fall of rectal temperature in dogs has been observed by Wikler and 
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Ficurn 2. Hyperglycemia in rabbits caused by methadone and morphine. Both drugs were in- 
jected intravenously. The two animals were from the same stock, and of about the same weight. 
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his co-workers.21 The mechanism of hypothermia as well as hypergly- 
cemia is, presumably, the same as that which occurs with morphine. 

Methadone is easily absorbed from almost any common route of ad- 
ministration. The question is—what does the body do with it? By the 
bromthymol blue method, Scott and Chen? recovered 20-35 per cent of 
unchanged methadone in the urine. Cronheim and Ware,® using brom- 
cresol purple, found only a 6-13 per cent excretion of the administered 
drug. In any event, a considerable amount is metabolized in the body, 
the process of which is as yet unknown. The latter may be elucidated by 
the radioisotope technique, like those of many other substances. Work 
along this line is now in progress. 


Toxicity. There is an accumulation of toxicity data published from 
various laboratories. By a single injection into experimental animals, 
the lethal doses vary considerably from species to species. As shown in 
TABLE 1, methadone is more toxic than morphine, in the ratios of 7:1 up 


TABLE 1 


Comparison oF Acute Toxicity BETWEEN MrtHaDOoNE AND MORPHINE 
BY SuscuTaNneEous INJECTION 


Animal Median lethal dose = standard Ratio of 
error: mg. per kg. morphine 
ae eee to methadone 
Methadone HC1 Morphine sulfate 
Leopard frog 102 +20 903+ 110 1:9 
African clawed frog 5O.D=e soso 677+ 68 1:12 
Turtle Sl Sa 2.2 253+ 61 1:8 
Guinea pig 54.4+ 3.6 S9lze 25 Lei 
Mouse 33.74 5.4 311+ 53 1:9 
Rat 19.4-- 2.5 229+ 46 1:18 


to 18:1 in different animals. It is particularly toxic to the rat. Woods, 
Wyngaarden, and Seevers®® 37 reported that the lethal dose of methadone 
by subcutaneous injection in the rhesus monkey lay between 10 and 20 
mg. per ke. 

Death in warm-blooded animals is due to respiratory failure. Although 
some vasoconstrictors are efficient stimulants of respiration during meth- 
adone depression,}§ it is uncertain that they will save lives from lethal 
doses. 

Toxicity studies by prolonged administration of methadone in animals 
were carried out in Haag’s laboratory? 33 and our own.’ In short, the 
drug does not cause any somatic damage which can be detected grossly 
or microscopically. Tolerance to the analgesic and sedative action of 
methadone in dogs and man has been demonstrated by the scientists of 
the U.S. Public Health Service at Lexington, Kentucky.12 3839 Acute 
vascular tolerance to methadone in anesthetized dogs has been reported 
by Shideman and Johnson.!0 ‘ 

The lethal dose in man is unknown. Isbell and his associates,!2 in their 
exhaustive investigations, employed a dosage level of 200 mg. 4 times 
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daily in one case, and 150 mg, 4-times daily in another. In most patients, 
the dose should be adjusted from 2.5-10 mg. Very rarely does it need to 
be increased by 15-20 me. 


Similarities to and Differences from Morphine. It is interesting that 
such a simple compound, a keto-diphenyl-tertiary amine, could exert ac- 
tions on organisms so similar to morphine, an alkaloid of the phenan- 
threne series. The similarities can be enumerated as follows—analgesia, 
respiratory depression, emesis in man, hyperglycemia, hypothermia, tol- 
erance, and addiction in dogs and man,}!2:38 as well as erection of the 
mouse tail. Scott and Chen* reported that methadone, like morphine, 
causes excitement in cats. In rabbits, both morphine and methadone de- 
crease the propulsive activity of intestines, as shown by Karr,*! thus ac- 
counting for their constipating effect. 

There are differences, however, between the two drugs. The depressor 
action of morphine is much greater than that of methadone. FicurE 3 


METHADON HYDROCHLORIDE 
IMG. PER KG. 


MORPHINE SULFATE y 


IMG. PER KG. 


FIGURE 3. Action of methadone and morphine on blood pressure. Records were made from 
two anesthetized dogs, one with each drug. Tracings from top to bottom are respiratory 
movements, carotid blood pressure, and base line. All injections were made intravenously. 


shows that a dose of 1 mg. per kg. results in a much greater fall of blood 
pressure with morphine than with methadone in two separate anesthe- 
tized dogs. Other differences are listed in Taste 2. It has already been 
mentioned that methadone has a local anesthetic action.*! Unpublished 
results of this laboratory indicate that methadone protects guinea pigs 
from histamine aerosol, and releases histamine spasm of their isolated 
intestines. These antihistaminic effects are weak as compared with 
benadryl, but they are, nevertheless, absent with morphine. It has been 
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TABLE 2 
DrrreRENCES BETWEEN MerHapone AND MorpHiNne 
Action Methadone Morphine 


Depressor action slight marked 
Local anesthesia = 
Antihistaminic 


| ++ 


Conyulsions in amphibians + 
Sedation in small clinical doses — =p 
Inhibition of hexokinase =e = 
Age effect on toxicity = =e 
Euphoria in non-addicts fd se 
Physical dependence slight intense 
Addiction in monkeys = = 


pointed out above that cold-blooded animals do not develop convulsions 
with lethal or sublethal doses of methadone, and that human subjects 
do not experience sedation with small therapeutic doses of the new 
drug—in contrast with morphine. Greig’ demonstrated that methadone 
inhibits the glycolysis of glucose of rat brain tissues by interrupting the 
conversion of glucose to glucose-6-phosphate, catalyzed by the enzyme 
hexokinase. Morphine, in the same concentrations, has no effect. Meth- 
adone injected intravenously into rats shows practically no age differ- 
ence in toxicity, while morphine is especially toxic to weaning or aged 
animals.“* Clinical reports! !? indicate that euphoria, which occurs in 
non-addicts following morphine, is rarely present, if at all, with metha- 
done. Although physical dependence develops with methadone, its with- 
drawal symptoms are so slight that it can be used for the treatment 
of morphine addiction, resulting in a smooth, milder abstinence pe- 
riod.12, 44, 45 The rhesus monkey, like man, is easily susceptible to mor- 
phine, but it does not show tolerance or addiction to methadone, as 
proved by Woods, Wyngaarden, and Seevers.3® 37 


Optical Isomers. There is an asymmetrical C-atom in the molecule of 
methadone, and several papers on the difference in potency of the optical 
isomers have appeared.46! Certain investigators believe that 7/-metha- 
done* is quantitatively more potent than the d-form, while others claim 
that the d-isomer is entirely inactive. In our laboratory, it was found 
that, in rats, methadone is 7 times as active as the d-isomer.®2 The differ- 
ence becomes greater in larger animals, for the isomer is 25 times as 
active in dogs, and 50 times as active in man, as the d-form. 

The intravenous toxicity in mice presents peculiarities. Numerically, 
there is no significant difference between the median lethal doses of d- 
and /-methadone, but the racemic mixture is definitely more toxic than 
either optical isomer. In those experiments, it was observed that J-meth- 
adone in lethal or sublethal doses produced protracted prostration; it 
caused delayed death. With the d-isomer, the animal promptly went 


* |-Methadone merely indicates levo-rotation; it may not have l-configurati il i - 
ochemically proved and confirmed. y peice tang, toe 
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into convulsions and either died or recovered quickly. It is, therefore, 
not improbable that a synergism of toxicity exists between the two opti- 
cal isomers. The racemic mixture is then capable of causing both slow 
and quick death. 

Another pair of optically active isomers was compared for their anal- 
gesic potency. They are - and d-ethyl-4-dimethylamino-2,2-diphenyl 
valerate hydrochlorides: 


eons 
C6Hs aeons 


f 
Wee 
* 


They were prepared from the same intermediates as used for the optical 
isomers of methadone. The interesting feature is that, in rats, by subcu- 
taneous injection the d-isomer of the ethyl ester is 1/5 as active, and the 
l-form, 1/35 as active, as d/-methadone. Thus, the d-isomer is 7 times as 
potent as its /-antipode. There is practically no difference in their in 
travenous toxicity in mice, being 37.2+2.5 and 37.3+2.9 mg. per kg. for 
the d- and /-isomers, respectively. 

A third pair of enantiomorphs, a-/- and a-d-3-acetoxy-4,4-diphenyl-6- 
dimethylaminoheptane hydrochlorides, was also investigated: 


Woe 
H.C.OCO.CH3 
CgHs & -Ce6Hs 
ae 
H.C .N(CH3)0 
CH3 
As shown in the structure, there are two asymmetrical C-atcms, and 
thus four possible optical isomers. Only one pair, designated as the a-pair, 
was available for our work. The /-antimer was made from d-methadone, 
and the d-antimer from /-methadone. In rats, by subcutaneous injection, 
the d-isomer is 5.4 times as active as the /-form, and twice as active as 


di-methadone, analgesically. The /-isomer has a delayed onset, but a long 
duration, of action as compared with the d-isomer. 


Derivatives of Methadone. The Germans prepared a good number of 
derivatives of methadone, several of which look interesting.’ Workers in 
this country and in England have reported preliminary results of their 
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variants.°3-60 Since the fall of 1945, Drs. T. P. Carney, A. Pohland, C. W. 
Whitehead, and E. Rohrmann, of our laboratory, have synthesized ap- 
proximately 200 compounds related to methadone, including the optical 
isomers referred to above. Limit of space allows only a brief description 
of our pharmacological results, covering a few of the compounds. 

Like other biologically active amines and alkaloids, the elimination of 
amino-N results in complete loss of activity. The deaminated product of 
methadone was found to be inactive. The ketonic and the amino groups 
must be on opposite sites of the diphenyl C-atom. If they are on the 
same side, there is no analgesic action. 

Substitution of one or both phenyl groups either decreases or abol- 
ishes the activity. Dibenzyl compounds have no analgesic action. Re- 
placement of a phenyl group by a cyclohexyl ring greatly reduces the 
activity of the corresponding diphenyl] products. If alkyl groups are used, 
the pain-relieving property completely disappears. The migration of one 
phenyl group to the neighboring C-atom is attended by a disappointing 
outcome. In spite of Dodd’s claim, one seldom runs across an analogue 
which possesses a fraction of the methadone activity. The best member of 
our series, having the following formula, is 1/33 as active as methadone. 


Cus cue 
SS oe ees 
CHo -CHa.N(CH3)0 


TaBLe 3 
Compound R Activity in rats: 
Cc 2 H 5 New of of mathatome 
ey en ae : 
CeHts.© Certs . 
R 2 CHa.CHa.N(CH3)a 50 
3 CH2.CH2.N.H» 12 
CH3 
: CH2.CHo.N H > 3 
: CH2.CHo.N. H O al 
° CH2.CHCH3.N(CH3)2 100 


= 


CHa.CHCH3.N H| 50 
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If the upper half of the methadone molecule is kept constant, variants 
with the N-atom in ring- or chain-form, as shown in TABLE 3, may be 
considered. All of them are substantially active, although none equals 
methadone (No. 6). 

If the lower half of the methadone molecule is occupied by a piperi- 
dinoethyl radical, the variants of the upper half, as listed in TaBLE 4, are 


TABLE 4 
R Compound R Activity in rats: 
| No. % of methadone 
CgHs yeas 8 CH.OH 0 
CHa 9 COOH 0 
ie 10 CH2.00C.CoHs 0 
i ° u OOC.CH, 2 
12 OOC.C2H5 u 
H 13 CHe2.00C.CH3 3 
14 COO.CeHs 95 


not outstanding. If the lower half of the molecule is fixed as dimethyl- 
aminoethyl, the variants of the upper half, as shown in Taste 5, have a 
low activity, or none at all. 


Tasie 5 

R Compound R Activity in rats: 

| No. % of methadone 
CeHe .C.CeH 15 CHO 0 
oe | a 16 CH,OH 0 
Sie 17 CH,.00C.CH, 0 
18 OOC.CH, Q 
Ree 19 OOC.C,H; 1 
N(CHa)o 20 COO.C,H; 10 


If a methyl group is present adjacent to the N-atom, most promising 
compounds result. It can be noted from TABLE 6 that the racemic mix- 


TaBLe 6 
Compound R Activity in rats: 
~ 5 yy % of methadone 
Q1 CH,OH 0 
Cells ‘© Cells 22 COOH 0 
CHo 23 CO.CH, 10 
| 24 CH,.00C.CH, 0 
CHCH3 25 COO.C,H; 17 
26 CHCH,.O0C.CH, 5 
N(CH3)2 OOC.CH, 
QT 130 
=€H.C,H; 
OOC.C,H; 
28 100 
= CH.C,H, 
OOC.C,H; 
29 1 


—CH.C,H, 
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ture of the acetoxy] derivative (No. 27) is 80 per cent more active than 
methadone. The high potency of this compound has been previously re- 
ported by Sherrod, Kaiser, Santos-Martinez, and Pfeiffer. The propi- 
onoxy analogue (No. 28) has the same activity as methadone in rats. The 
significance of the optical rotation of compounds No. 25 and No. 27 has 
been discussed above. 

If a methyl group is attached to the 6-C-atom, the resulting variants, 
listed in TABLE 7, are of more than casual interest. The ketone (No. 31) 


TABLE 7 
R Compound R Activity in rats: 
| No. % of methadone 
CgHs.C.CgH 30 COOH 0 
oa | cae 31 CO.C,H, 50 
pee 32 COO.C,H; 17, 
OOC.CH 
CHa 33 l ‘ 17 
—CH.C,H; 


N(CH3)2 


has been studied and reported on by different workers under the name of 
isomethadone.47-55 57 The results of our own tests indicate that it is 
about half as potent as methadone when injected subcutaneously in rats. 
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ANIMAL EXPERIMENTATION IN 
STUDYING ADDICTION TO THE NEWER 
SYNTHETIC ANALGESICS 


By M. H. SEEVERS 
Department of Pharmacology, University of Michigan, Ann Arbor, Michigan 


HE term addiction, when applied to the syndrome resulting from 

the prolonged use of morphine and its congeners in man, by com- 
mon usage involves three principal components, psychic dependence, 
physical dependence, and acquired tolerance. In view of the fact that the 
newer synthetic analgesics produce pharmacological effects, many of 
which are qualitatively similar to those of morphine and its derivatives, 
it is assumed, for purposes of this discussion, that morphine should stand 
as the drug of comparison, and that information regarding these three 
not easily dissociable qualities which constitute addiction to morphine 
must be obtained for each new agent of this type before it may be safely 
used clinically. 

It is clear that clinical facilities for evaluating addiction liability are 
inadequate to keep pace with the rapid development of the newer syn- 
thetic analgesics. This being the case, and recognizing that the final 
evaluation of addiction liability of any compound proposed for clinical 
use must be determined in the human species, only that evidence which 
relates to the following question will be presented and discussed here: 
Does any infrahuman species exist which parallels normal man in its 
ability to develop ‘“‘addiction” when chronically poisoned with mor- 
phine, its congeners, and the newer synthetic analgesics, and, if so, is 
this parallelism sufficiently striking that this-species could be used as a 
reliable test object for the preliminary sereening of new compounds? 
Since comparatively little work has been done in this field with the 
newer analgesic agents, a large share of the following discussion must 
center about morphine. 


Psychic Dependence . 
At the outset, it should be clearly stated that the term “addiction,” 
when applied to the condition resulting from chronic administration of 
morphine to infrahuman animal species, must have a more limited and 
specific connotation than when such a term is applied to the human ad- 
dict. It is, perhaps, unfortunate that the term “psychic dependence” 
as it applies to morphine addiction in man has, in the broadest and most 
widely used sense, come to imply two differing but related factors: (a) 
The characteristic and inherent pre-addiction urge of certain individuals 
to seek “euphoria” as a manifestation of an existing neurosis or psycho- 
sis. (Pescor! found 96.2 per cent of 1,036 addicts at the Lexington Hos- 
[ 98 ] 
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pital to be either psychopathic or suffering from some neurosis prior to 
addiction.) (b) The psychosomatic conditioning established by pro- 
longed administration of the drug which involves anticipation not only 
of the thrill, but also the mental relief from impending or actual phy- 
‘sical symptoms of withdrawal. 

Whereas certain higher animal species become conditioned to accept- 
ing the drug without the usual resistance and may even learn to associ- 
‘ate the administration of the drug with the relief of the symptoms of 
abstinence, no counterpart of the manifestation of pleasure or “eu- 
phoria” obviously derived by addicts from repetitious use of these com- 
pounds has been observed in any animal species thus far studied. 

Spragg? has shown that the chimpanzee will make an objective choice 
of the syringe over food during withdrawal, and the author has observed 
behavior in the rhesus monkey which leads him to believe that this ani- 
mal can make a similar association. Although these observations in ani- 
mals are of considerable interest as they relate to item 6 above, it seems 
quite clear that it would be futile to attempt to transfer such observa- 
tions into the clinic or use them as a basis for deductions or predictions 
regarding @, 7.e., those qualities in the drug which would induce “eupho- 
ria,” satisfy the “craving” of the inebriate type of personality, or appeal 
to the confirmed addict already conditioned by-his previous experiences 
with drugs of this type. 

Both meperidine and methadone have been administered to monkeys 
for fairly long periods of time without any evidence of desire on the part 
of the animals, even during withdrawal of these drugs. Such information 
should not, however, lead to the inference that addicts would not obtain 
a pleasurable sensation from the use of these drugs, a fact which has al- 
ready been clearly established for methadone in the clinic. Yor practical 
purposes, then, clinically applicable information from animals relating to 
addiction liability is limited to studies of tolerance and physical dependence. 


Physical Dependence 
_ Physical dependence to morphine can be established in numerous ani- 
mal species? including the mouse, rat, guinea pig, rabbit, cat, dog, mon- 
key, and chimpanzee. The nature of the signs observed is dependent 
upon the physical characteristics of the species, and the phylogenetic 
development of the central nervous system, generalized “hyperirrita- 
_bility” being the only constant sign of abstinence in the lower species. 
In the smaller animals, wide individual variation in intensity of signs is 
noted, even after prolonged administration of large doses. Attempts 
have been made to use small animals for screening purposes. Barlow’s 
method of using an increase in pre-injection irritability in the rat has 
been reported upon favorably.* > A wide variation in individual response 
was noted, a factor which in our hands greatly limits its value as a screen- 
ing method, although it has not been applied to a study of the newer 
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agents. Recently Phatak, Maloney, and David’ suggested the use of the 
hyperglycemic response of the rabbit for estimating addiction potential- 
ities of analgesic compounds, and made observations on a group of 
methadone congeners. Unfortunately, the rabbit does not show satisfac- 
tory or reproducible abstinence phenomena during morphine with- 
drawal, and man does not obtain a hyperglycemic response to metha- 
done. The author believes that any objective method, to be useful for 
comparative purposes, must involve signs which are demonstrable in 

man as well as in the animal under study. This statement would apply 
to changes in weight, temperature, blood sugar, variations in contractil- 
ity of smooth muscle, circulatory alterations, or any other objective 
signs. 

sic small animals may be used satisfactorily for studies of tol- 
erance development, and probably for certain studies regarding mecha- 
nism of addiction, the author believes that only the dog and the mon- 
key show signs of withdrawal which are sufficiently comparable to those 
observed in man to be reliable for screening and for the evaluation of 
new drugs. In view of the limited space available here, an attempt will be 
made only to compare these two species. : 


The Dog. Many observations have been made on this species, par- 
ticularly with morphine.* The abstinence syndrome is, in general, similar 
to that noted in man in so far as signs can be compared in view of the 
anatomical dissimilarities of the two species. Unfortunately, wide in- 
dividual variation in response exists in different animals irrespective of 
dosage or duration of poisoning. Codeine’ does not induce physical de- 
pendence, although signs of abstinence have been noted with dihydro- 
morphinone.’ Although tolerance studies have been made with heroin, 
no data have been published concerning physical dependence in this 
species. 

Barlow? gave 8 dogs '75 mg./kg. of meperidine orally once daily for ten 
months; 4 dogs 15 mg./kg. intramuscularly every 8 hours for 28 days; 
and 7 dogs 4 mg./kg. intramuscularly every two hours day and night for 
5 days. Other than the acute effects of the drug noted following admin- 
istration, which included salivation, muscle tremors, spasticity, anorexia 
and weight loss, and an intense dislike for the drug which increased as _ 
the experiment progressed, no untoward signs were observed and no 
signs of abstinence were detected on withdrawal. 

Scott and his co-workers!® 4 did not note any signs of withdrawal in 
dogs administered methadone for several weeks. Wikler and Frank!2 gave 
1 to 2 mg./kg. of methadone 4 times daily to dogs, increasing the dose 
gradually to 5 mg./kg., and continued the experiment for 10 weeks. 
Abrupt withdrawal revealed a marked abstinence syndrome character- 
ized by restlessness, severe muscle tremors, fever, tachycardia, vomiting 
hyperpnea, hydrophilia, and loss of weight, which appeared within 10 
hours, reached a maximum in 24 hours, and subsided almost completely 
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in 48 hours. Similar results were obtained in chronic spinal dogs and one 

chronic decorticated dog.8 In summary, Wikler states, “Quantitatively, 
signs of abstinence from methadon were easier to produce (could be de- 
veloped in 1 month as compared with 2 or 3 months with morphine), 
came on more rapidly (apparent in 9 hours compared with 22 hours 
with morphine) and were more severe.” 


The Monkey. The abstinence syndrome in the rhesus monkey is ob- 
jectively quite similar to that noted in man.!4 Whereas individual varia- 
tions exist in this species, and the observer must familiarize himself 
with the personality characteristics of each animal prior to addiction in 
order to make a satisfactory evaluation of abstinence phenomena (as is 
also the case with the dog), the picture is more uniform and more con- 
stantly reproducible than with the dog or any animal other than the 
chimpanzee. As in man, the monkey can exert wilful control over signs 
of abstinence. This may be related, in part, to fear of the attendant, 
whose entrance into the room produces changes in behavior which mask 
the signs of abstinence. When the animal is observed during abstinence 
through a sound-proof, “one-way vision” glass window, the true picture 
of abstinence is revealed. This technique, recently adopted in this labo- 
ratory, has greatly enhanced the reliability of our observations. 

Heroin and dihydromorphinone produce signs of abstinence compar- 
able to morphine, whereas codeine produces only minimal signs in this 
species. . 

The only observations on meperidine known to the author to have 
been made in this species are those of Barlow.? He administered meperi- 
dine to 14 rhesus monkeys in dosage of 14 mg./kg. orally once daily for 
10 months; to 5 monkeys 15 mg./kg. intramuscularly every 8 hours for 
28 days; and to 7 monkeys 4 mg./kg. intramuscularly every 2 hours for 
5 days. Whereas these doses produced marked acute effects, no signs of 
abstinence were noted on withdrawal. 

Woods, Wyngaarden, and Seevers!‘ administered methadone in an ini- 
tial dose of 5 mg./kg. once daily subcutaneously to monkeys. This dose 
was increased in 24 to 26 days to the maximum tolerated acute dose (11 
to 13 mg./kg.), and then continued at this level for 75 to 96 days. No 
signs of abstinence were detected on withdrawal, although controls on 
morphine demonstrated the characteristic picture of animal addiction 
to this drug. 

~ Cochin, Gruhzit, Woods, and Seevers" repeated these experiments re- 
cently, but administered the drug 3 times daily in a dosage of 7 mg./kg. 
(total daily dose of 21 mg./kg.) for four and one-half months. This repre- 
sented the maximum tolerated dose at this interval of administration. 
Controls with morphine were given 50 mg./kg. thrice daily. Signs of ab- 
stinence from methadone, if they actually existed at all, were minimal. 
Slight pilomotor activity was noted at 36 hours. The animals were more 
active at 36 hours, but this appeared to be merely the release from metha- 


102 Annals: New York Academy of Sciences 


done depression and a return to normal excitability rather than a state of 
hyperexcitability. Anorexia was not noted .as was the case with morphine 
withdrawal, and no significant weight change occurred. In contrast, the 
controls on morphine showed the most marked signs of withdrawal ever 
noted by the author. This was probably related to the rate of adminis- 
tration, since virtually all previous experiments in the monkey have been 
made with single daily dosage. One animal, after a period in which he ex- 
hibited all the classical signs of withdrawal, lapsed into a state of pro- 
found exhaustion, refused food and water, became intensely dyspneic, 
and, after some struggling incident to the removal from the cage after 76 
hours for movie recording, became intensely cyanotic and died within 15 
minutes. This death was evidently of circulatory type, the heart being 
acutely dilated at autopsy. This animal was otherwise in good physical 
state, had not lost weight, and no other pathology was revealed at 
autopsy. 


Tolerance 

Whereas acquired tolerance is always demonstrable and a part of 
the picture of morphine addiction, its exact relationship to physical 
dependence and psychic dependence is not clearly defined. That the ac- 
quisition of tolerance is not necessary to the establishment of psychic 
dependence to a drug is clearly shown in the case of cocaine, since the 
latter may be clearly established without any evidence of tolerance devel- 
opment. Conversely, marked tolerance may be acquired to other com- 
pounds, such as the organic nitrites, without associated psychic or 
physical dependence. 

It is evident that various body mechanisms and tissues differ qualita- 
tively and quantitatively with respect to tolerance development. 

Blood vessels become rapidly tolerant to morphine, as was first shown 
by Schmidt and Livingstone.8 Recently, Shideman and Johnson! have 
shown that some vascular tolerance can be developed to meperidine and 
methadone, and they have compared it with morphine in the dog. In a 
general way, this “acute tolerance” parallels the development of “chronic 
tolerance” to the sedative or narcotic action of these three drugs, both 
appearing rapidly with morphine, more slowly with methadone, and poorly 
and incompletely with meperidine. Whether this method can be used for 
screening to predict tolerance development awaits more extended stud- 
ies with a greater number of new compounds. 

Contrary to the situation with respect to physical dependence, small 
animals may be used satisfactorily for estimation of tolerance to the 
analgesic and general sedative action of these drugs. 

Tolerance to the analgesic action of morphine and its derivatives is 
readily established in most species of animals. The author is not aware 
of carefully controlled studies on animals with meperidine regarding 
tolerance to its analgesic effects. Tolerance develops in former morphine 
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addicts, but this is not a prominent feature of its clinical use in non- 
addicts.?! Tolerance to the analgesic action of methadone has been de- 
veloped in the mouse,” the rat,!+ 23 the dog,!? and in man.” 

Tolerance to the general depressant action is readily established for 
morphine and its derivatives in all species.? Some tolerance is developed 
to this property for meperidine in rats and dogs although it is not 
marked.? Tolerance to the sedative action of methadone is readily de- 
veloped in the rat,!° in the dog,” slowly in the monkey!® and man,” 
especially to larger dosages. 

Acquired tolerance does not raise the lethal dose of morphine deriva- 
tives in any animal lower than the monkey, since death is due to con- 
vulsions rather than respiratory depression and tolerance is not de- 
veloped to this stimulant action. This is probably true also of meperi- 
dine and methadone, since these drugs also produce death of a convulsant 
type in smaller animals. Since some monkeys and all men die of primary 
respiratory depression from morphine, it is easy to establish tolerance 
to this respiratory depressant effect of morphine, heroin and Dilaudid 
(not codeine), and consequently to what would otherwise be a lethal 
dose. The monkey (and presumably man) always succumbs to respira- 
tory failure with lethal doses of methadone." Very little, if any, tolerance 
is developed to this respiratory depressant effect and a small increment 
in dosage above the maximum tolerated single dose, 12 to 15 mg./kg., will 
result in respiratory failure. We!’ have obtained some suggestive evi- 
dence, which will require further study and confirmation, that respira- 
tory tolerance to morphine confers crossed tolerance to methadone: By 
mistake, morphine-addicted animals were given 25 mg./kg. of metha- 
done, a dose which we believe to be certainly lethal. Whereas these mon- 
keys were treated after about thirty minutes with caffeine, it is believed 
that they would not have succumbed without such treatment. It is in- 
teresting, in this regard, that all of the evidence which indicates a low- 
grade respiratory tolerance to methadone in man has been obtained on 
addicts with a highly developed tolerance to morphine. 

The author believes that predictions regarding addiction liability can- 
not be made at this time on the basis of tolerance studies alone, although 
it seems clear that the degree of addiction liability with morphine, me- 
peridine, and methadone parallels roughly the degree of tolerance devel- 
opment, especially to the narcotic action of large doses of these drugs. 


, 


Summary 
In considering the problem of predicting addiction liability in man 
from animal experiments, the conclusion is inevitable that the only re- 
liable criterion upon which to base a decision is the establishment or 
lack of establishment of physical dependence. Up to the present time, no 
evidence is available which will refute the view long held by the author 
that the monkey is the best animal species available practically for the 
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reliable prediction of addiction liability in the “normal” human sub- 
ject. This statement is based upon the following facts which hold for the 
normal monkey and normal man. 

(a) The signs—and, judging from the actions of the monkeys, the 
symptoms—of abstinence from morphine, their time of appearance, 
their intensity, and duration, are for practical purposes identical in both 
species. : 

(b) The intensity of abstinence phenomena with the morphine deriva- 
tives, heroin, Dilaudid, and codeine are quantitatively similar. 

(c) Signs of abstinence from meperidine are minimal. 

(d) Complete and adequate substitution is readily established from 
morphine to its derivatives and to methadone in both the monkey and 
human addict. 

(e) Tolerance development to these various drugs is qualitatively and 
quantitatively similar in both species. 

(f) Physical dependence to methadone, if present at all, is slight and 
slowly developed in individuals not previously addicted to morphine. 

It is hardly to be expected that studies of addiction liability in the 
“normal” monkey could be compared directly with studies made in 
human individuals who have been previously addicted to morphine. 
Such individuals not only represent a selected group who are psychiatri- 
cally inferior, but they have in addition been conditioned or “sensitized” 
to the whole experience of addiction, including their own selective in- 
terpretation of “euphoria.” 

The question is still pertinent, and as yet unanswered, whether pro- 
longed addiction to morphine leaves a permanent physical as well as a 
mental residue even after apparent ‘“‘cure.” Thus, we do not know 
whether it is safe to make predictions, on the basis of addiction and sub- 
stitution studies in actual or in “cured” morphine addicts, regarding 
the addiction liability, or even the ‘‘euphoria”-inducing qualities of 
new and chemically different compounds, if such predictions are to apply 
to psychiatrically “normal” individuals. It is probable that no studies 
on animals will ever solve the problem of whether a chemical compound 
is potentially addicting for “constitutional addicts.” The published evi- 
dence seems to support the view that, excluding this group of individ- 
uals, normal human subjects, like normal monkeys (see Taste 1), de- 
velop very little psychic or physical dependence to those synthetic anal- 
gesics, particularly meperidine and methadone, the only compounds which 
have thus far been even partially evaluated. 

If such are the actual facts, it then seems evident that our problem 
in the evaluation of new compounds should be much broader than the 
mere search for a substance which will give perfect analgesia to the 
“normal” human subject without the development of the syndrome 
which we term addiction. We should emancipate our thinking from the 
concept that the capacity of a chemical substance to produce “euphoria” 
is inevitably an undesirable quality and make a positive and specific 


Seevers: Animal Addiction Studies 105 


Taste 1 


Puysicat DerenpENcEe To ANALGEsIC Drues 


Drug Dog Monkey “Normal” Human addicts 
human subjects 
Morphine Rie a ++++(3) +++-+(8) ++-++(3) 
: no 

Heroin { nteat F444) F444) 9 +4440) 
Dihydro- 

morphinone ++(8) ++++(15) ++++() ++++(3) 
Codeine none (7) +(15) * ? (3) +(3) 
Meperidine none (9) none (9) * ? (21) +(21) 

= rea 

Methad 10— : not { aa + (fifth to 

Powe \ L tian } Pause ek ho (22) ninth day) (22) 


* With maximum tolerated doses. 


search for compounds which, devoid of the ability to induce physical 
dependence, will satisfy that large group of constitutionally inferior in- 
dividuals now classified as criminals because they yield to an inherent 
psychic drive not under their control. 
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Discussion of the Paper 


Dr. Asranam Wiser (U.S. Public Health Service Hospital, Lexington, 

Kentucky): 

Although Dr. Seevers’s paper deals primarily with animal experimen- 
tation, I should like to comment first on his conclusions as they apply to 
man. Dr. Seevers states that conclusions derived from studies on “psy- 
chiatrically inferior” individuals previously addicted to morphine can- 
not be expected to apply to “normal” persons not previously addicted. 
In this I should like to concur, if we consider the addiction problem only 
in its relation to “normal” persons. However, the normal well-adjusted, 
mature person is not likely to become a habitual drug addict. In our 
society, with legal and social attitudes such as they are, drug addiction 
becomes a public health problem chiefly in relation to those individuals 
whose emotional need for morphine, or drugs like it, is so strong that it 
overbalances the personality defenses (e.g., “super-ego” structure) 
against addiction. Prominent in this group are the extremely infantile, 
narcissistic individuals who constitute the bulk of those post-addicts 
who volunteer for addiction studies. From a public health standpoint, 
it appears quite appropriate to study drug addiction in such individuals. 

In commenting on the animal work which Dr. Seevers has discussed, 
I should like to limit my comments to some of the neurophysiological 
aspects, with particular reference to morphine and methadone, since my 
interest in addiction problems has been largely in this area. First, the 
terms “psychic” and “physical” dependence have acquired various con- 
notations and should be defined more precisely. Thus, a distinction be- 
tween “psychic” and “physical” cannot be made on the basis of ob- 
jectivity or subjectivity of the symptom or sign. Tachycardia, vomiting, 
even fever, may be “‘psychic” in origin, while purposive behavior may be 
“physical” in origin, as has been demonstrated so strikingly by Richter’s 
work on self-regulatory behavior in animals. Defined with reference to 
genesis, the distinction between “psychic” and “physical” can be made 
on the basis that the former is related to factors with symbolic signifi- 
cance varying in complexity, whereas the latter is related to factors with 
little or no symbolic significance. Viewed in these terms, it becomes ap- 
parent that theoretically, at least, it is not possible to distinguish be- 
tween those aspects of addiction which are “psychic” in origin and those 
which are “physical” in intact man, or even in intact animals. Clinical 
experience has shown that the morphine abstinence picture is definitely 
related to the personality of the addict. Likewise, in our investigations, 
the effects of morphine on adaptive behavior in intact dogs have been 
shown to depend on the “personality” of the animal. Perhaps this ac- 
counts for the great variability in the abstinence picture from dog to 
dog, since this species exhibits a wide range of personality types. 

True “physical dependence” in the sense described can, however, be 
studied in animal preparations in which a portion of the central nervous 
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system is isolated from the remainder, as in chronic decorticated and 
chronic spinal dags. In such preparations, the capacity for symboliza- 
tion is markedly impaired, and the reactions to various stimuli are stere- 
otyped and predictable with accuracy. Thus, in the decorticated ani- 
_ mals, circling activity, irritability, temperature, pulse, respirations, and 
tooth pain-reaction threshold can be measured accurately. In the chronic 
spinal preparations, the knee jerk, ipsilateral extensor thrust, ipsilateral 
~ flexor reflex, and crossed extensor reflex, as well as spontaneous activity 
of the hindlimbs can be recorded reliably. During addiction to morphine 
or methadone, tolerance is manifested to the action of these drugs on cer- 
tain of the reactions mentioned, and during withdrawal, striking hyper- 
activity and other changes occur with great regularity and predictability 
in both types of preparations. The preparation and preservation of the 
chronic decorticated animals is a difficult procedure. However, chronic 
spinal dogs can be prepared in a one-stage operation. They require close 
attention during the first postoperative month, but after 4 to 6 weeks 
these preparations survive for years with a minimum of care, chiefly 
directed to keeping the hindlimbs and perineal regions dry. The reflexes 
attain a stable level in this period of time, and can be recorded very 
simply with an “isotonic” apparatus utilizing “natural” stimuli eliciting 
a maximal response. With this technique, the changes which occur 
spontaneously over a period of as long as 6 months are negligible com- 
pared to the effects of drugs during addiction studies. 

Although the study of “physica ” dependence can be facilitated by 
such techniques, the problem of species differences stillremains. Whether 
or not the techniques described can be applied to monkeys will be de- 
termined by future investigations. That it would be of advantage to 
make such studies is apparent from Dr. Seevers’s excellent review of the 


problem. 


METHODS AND RESULTS OF STUDYING 
EXPERIMENTAL HUMAN ADDICTION 
TO THE NEWER SYNTHETIC ANALGESICS 


By HARRIS ISBELL 
Research Division, U. S. Public Health Service Hospital, Lexington, Kentucky 


) be assessing the addiction liability of new drugs, attention must be — 
paid to all three of the qualities which Himmelsbach and Small! have 
described as characteristic of addiction to the opiate drugs. These quali- 
ties are: tolerance, physical dependence, and habituation (emotional or _ 
psychic dependence). Tolerance is defined as a diminishing effect on re- 
peated administration of the same dose of a drug. Physical dependence 
refers to an altered bodily state brought about by repeated administra- 
tion of a drug over a long period of time, which necessitates continued 
use of the drug in order to prevent the appearance of a characteristic 
illness termed an abstinence syndrome. Habituation refers to emotional 
and psychological dependence on the drug—the substitution of the use 
of the drug for other methods of adaptive behavior. Although all ob- 
servers are agreed that tolerance is less important than physical and 
emotional dependence, there is considerable disagreement concerning 
the relative importance of emotional and physical dependence. Pharma- 
cologists are likely to hold the opinion that physical dependence is the 
only distinguishing characteristic of an addicting drug. Psychiatrists are 
likely to believe that emotional dependence is all-important in addiction. 
A position midway between these two extremes is probably best. Phys- 
ical dependence and emotional dependence should be given equal weight 
in assessing addiction liability. 

The final tests of the addiction liability of any new drug must be car- 
ried out on human subjects because animal experiments yield no infor- 
mation about the habituation liability of any drug, and because various 
species differ markedly in their susceptibility to the development of phys- 
ical dependence on various drugs. 

The addiction lability of a new drug is usually considered from two 
points of view: (1) What is the danger of addiction under conditions of 
legitimate medical use? (2) What is the danger that persons with suscep- 
tible personalities will illegally abuse the drug and so become addicted? 
The second question is much more important, because addiction seldom 
results from the legitimate medical use of a drug—even from the medical 
use of morphine. Every year, large numbers of people in the United 
States receive morphine for short periods of time and very few become 
addicted. Less than 5 per cent of patients admitted to the U. S. Public 
Health Service Hospital at Lexington, Kentucky, became addicted be- 
cause drugs had been prescribed for them by physicians for the relief of 
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_ pain. The danger of addiction, under conditions of medical usage, is 
_ great only when physicians mistakenly believe that a drug is not addict- 
ing and are careless in its use. In the United States, addiction is chiefly 
_ a matter of abuse and is spread by persons already addicted. For this 
reason, tests of addiction liability at the U. S. Public Health Service 
Hospital are designed to simulate addiction under conditions of abuse. 
_ The assessment of addiction liability under conditions of medical use is 
usually carried out in other institutions. 


Subjects for Tests of Addiction Liability. The men used as subjects for 
addiction-liability tests are selected from a group of men who have vol- 
unteered to undergo the experiments. These patients are all morphine 
addicts and are serving Federal sentences for violation of the Harrison 
Narcotic Act. All the experiments are explained to the patients in de- 
tail before they are begun, and participation is purely voluntary. Care 
is taken to choose men with poor prognoses for permanent cure of their 
addiction. Such patients have usually served a number of sentences for 
violation of the narcotic laws and have relapsed to the use of morphine 
after each discharge. No man can be used in an experiment unless he 
has six months or more of his sentence to serve after termination of the 
experiment in order that there will be time for the patient to recover 
from withdrawal of the drug. Objections are sometimes raised to the use 
of such subjects in testing addiction liability, on the grounds that former 
morphine addicts develop both physical and emotional dependence on a 
drug much more readily than do non-addicts. The answer to this objec- 
tion is, of course, a practical one. Morphine addicts are the only persons 
who can ethically be used for addiction-liability experiments. Moreover, 
since we are testing addiction liability under conditions of abuse, the 
use of such ‘“taddiction-prone” subjects is an advantage, not a disad- 
vantage. If experienced morphine addicts like the effects produced by a 
drug, that drug is dangerous, because the veteran addict is not only 
skilled in the methods of obtaining drugs illegally but also has few scru- 
ples about introducing non-addicts to the use of the drug. 


Methods of Testing Addiction Liability. The methods used in testing 
addiction liability of new drugs are essentially those developed by Him- 
melsbach and his collaborators.1-> Four methods are available: admin- 
istration of single doses of the drug under test to former morphine ad- 
dicts for the detection of euphoria; the determination of the effect of 
~ single doses on the intensity of abstinence from morphine; substitution 
of the new drug for morphine in cases strongly addicted to morphine; 
and direct addiction. 


Detection of Euphoria. Since most persons begin the use of drugs and 
become addicted because the drugs produce effects which they regard as 
pleasurable, the detection of euphoria is a very important procedure in 
evaluating addiction liability. The method used is simple: Single doses 
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of the drug under test are administered to former morphine addicts, and 
the subjects are unobtrusively watched for a period of 6 hours or more 
by specially trained observers. For our purposes, euphoria is defined as 
a series of effects similar to those produced by morphine. These effects 
are: increased talkativeness, boasting, greater ease in the experimental 
situation, expression of satisfaction with the effects of the drug, requests 
for increased doses of the drug, increased motor activity, and, with 
larger doses, slurring of speech, motor ataxia, and evidence of marked 
sedation. As many experiments are done as are necessary to reach a 
clear-cut conclusion. The observations are controlled by administering 
30 mg. of morphine to the same subjects on other occasions. Initially, 
small subcutaneous doses of the drug under test are used, and if no un- 
toward toxic effects are observed, the dosage is increased progressively 
in subsequent experiments until evidence of euphoria, roughly equiva- 
lent to that produced by 30 mg. of morphine, is detected, or, if no evi- 
dence of euphoria is detected, the dosage is elevated until further in- 
creases would be regarded as dangerous. If euphoria is detected, blind 
experiments are arranged in which neither the subject nor the observer 
are aware whether the drug given was morphine or the compound under 
test. Finally, various doses of the drug are administered intravenously. 
If a psychologist is available, administration of the Rorschach test and 
other projective tests before and after the new drug will yield valuable 
information about the euphoric qualities of the drug. 


Relief of Abstinence from Morphine. Patients already strongly ad- 
dicted to morphine are used in these experiments. Following a short pre- 
liminary test period of withdrawal to establish the presence of physical 
dependence, the patients are stabilized on the least amount of morphine 
which will prevent the appearance of signs of abstinence and are main- 
tained on this level for 7 to 10 days. The morphine is then abruptly 
withdrawn and, beginning at the 24th hour of abstinence, hourly obser- 
vations for the intensity of abstinence are made according to the hourly 
point score system of Himmelsbach’ (rastx 1). In this system, arbitrary 
numerical values have been assigned to the various signs of abstinence 
and arbitrary limits set on certain signs—1 point for lacrimation; 3 
points for mydriasis; 1 point for each increase in the respiratory rate 
with a limit of 10, etc. Men with strong physical dependence on mor- 
phine usually score 20 to 30 points from the 24th to the 48th hours of 
abstinence, A dose of the drug under test is administered at the 28th to 
the 32nd hour, and the observations are continued. If there has been 
little effect, or no effect, after 4 hours, a second, larger dose may be given. 
If the drug lowers the intensity of abstinence, the observations are con- 
tinued until the intensity of the withdrawal illness returns to the pre- 
dose level. If the drug does relieve abstinence, it is fairly likely that it 
will itself produce physical dependence. 


Substitution for Morphine. Patients already addicted to morphine may 


> ams 


Isbell: Experimental Human Addiction nt 


< Taste l 


Mernops anp Resutts or Srupyine ExperRIMEeNTAL 
Human Appicrion to THE Newer SyntHetTic ANALGESICS 


Point system for measuring abstinence syndrome intensity by the day (D) or by the hour (1) 
Signs (D) by day (H) by hour 


Points Limit Points Limit 


Yawning 1 1 1 
Lacrimation 1 1 1 1 
Rhinorrhea 1 1 1 1 
Perspiration 1 1 1 1 
Mydriasis 3 3 3 3 
Tremor ‘ 3 3 3 3 
Gooseflesh 3 3 3 3 
Anorexia (40 per cent decrease in caloric intake) 3 3 
Restlessness 5 5 5 5 
Emesis (each spell) 5 5 5 
Fever (for each 0.1° C. rise over mean addiction level) 1 1 10 
Hyperpnoea (for each resp./min. rise over mean addiction 

level) 1 1 10 
Rise in a.m. Systolic B.P. (for each 2 mm. Hg over mean 

addiction level) 1 15 1 10 


Weight loss (a.m.) (for each Ib. from last day of addiction) 1 

Total abstinence syndrome intensity per day or per hour is the sum of the points scored in the (D) 
or (H) columns respectively, with due attention to the limits. 
be used in these tests. Frequently, the same patients who serve as sub- 
jects for experiments on the effects of single doses on abstinence from 
morphine are also used as subjects for substitution studies. The pres- 
ence of physical dependence on morphine is always proved in subjects 
accepted for this type of study by subjecting them to a 24- to 36-hour 
test period of withdrawal. If the patients show moderate to marked signs 
of abstinence during this period, they are returned to morphine, and the 
least dosage of morphine which will just prevent the appearance of signs 
of abstinence (the stabilization dosage) is determined by alternately 
raising or lowering the amount of morphine given. Once the stabilization 
dose is determined, the patients are maintained on that amount of drug 
~ for at least 7 days. The drug under test is then abruptly substituted for 
the morphine. If possible, the patients are kept unaware of the change. 
The dosage, and the interval of administration of the drug under test, 
are selected on the basis of the pharmacological data on the toxicity, 
relative potency, and length of action of the drug. If no signs of absti- 
nence appear after the substitution has been effected, the dosage and in- 
terval of administration of the new drug are adjusted so as to determine 
the minimum amount of the drug which will prevent the appearance of 
signs of abstinence. Frequently, the drug under test will suppress signs 
of abstinence only partially, regardless of the dose used. Under such 
circumstances, mild signs of abstinence appear in the first few days of 
substitution, only to subside later. Occasionally, drugs are tested which 
will not support physical dependence at all. Such drugs have always, in 
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past experiments, been poor analgesics. After 7 to 14 days’ substitution, 
the drug is abruptly and completely withdrawn. Observations for signs 
of abstinence are made every 2 hours in the first 48 hours of withdrawal, 
and 3 times daily thereafter. Patients are observed for 7 to 14 days after 
withdrawal, depending on the speed of onset and the rate of recovery 
from abstinence. The Himmelsbach? daily point scoring system is used in 
evaluating the intensity of abstinence after substitution and after with- 
drawal of the drug under test (Taste 1). This system is identical with the 
hourly point scoring system, except that depression of caloric intake is 
scored and the limits set on certain signs are different. If a drug supports 
physical dependence on morphine, and if signs of abstinence are detected 
following withdrawal after substitution for morphine, the drug is re- 
garded as having physical dependence liability. The Himmelsbach daily 
point score serves as an approximate measure of the physical dependence 
liability of the new drug as compared to morphine. 


Direct Addiction. Direct addiction is the best method of determining 
the addiction liability of a new drug. It yields information about the 
development of tolerance to various actions of the new drug. The de- 
velopment of habituation can be followed, and the physical dependence 
liability of the drug is determined directly instead of by inference, as in 
the method using the effects of single doses on abstinence, or the substi- 
tution technique. The great disadvantage of the direct addiction method 
is the inordinate amount of time and labor involved. The studies must 
be carried on for periods of 3 to '7 months and require the full-time serv- 
ices of 5 attendants and 2 to 3 technicians. 

Former morphine addicts who have been abstinent for 3 months or 
more are selected as study subjects from groups of volunteers. These 
men are studied intensively for 1 to 2 weeks before they are given any 
drugs. Physical and psychiatric examinations, various laboratory ex- 
aminations, psychological tests, electroencephalograms, electrocardio- 
grams, basal metabolic rates, observations of rectal temperature, pulse 
and respiratory rate, blood pressure, caloric intake, and hours of sleep 
are obtained in this period. The effects of single doses of the drug under 
test on the pain threshold, the electroencephalogram, etc., are also de- 
termined during this period. 

Once the control observations have been obtained, administration of 
the drug is begun. At first, the dosages used are equal to those which 
would be used in clinical practice. The intervals of administration are 
based on the pharmacological data on the length of actions of the drug. 
Most commonly, drugs are administered every 6 hours. If, after a few 
days, no untoward toxic effects appear, the dosage is raised. Thereafter, 
the dosage is raised just as often as the patient’s tolerance and the toxic 
effects of the drug will permit. Doses which pharmacologists regard as 
astronomical are usually reached. The elevation in dosage is eventually 
stopped, and the patients are maintained on the same dosage level for 2 
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weeks to 2 months prior to withdrawal so that they will be as completely 
tolerant as possible when the drug is withdrawn. 

The observations made during the control period are repeated at in- 
tervals during the addiction period. Daily notes are written on the gen- 
eral behavior of the patients. 


Detection of Tolerance. Tolerance to the sedative effects of the drug is 
easy to detect clinically. Checking the hours of sleep per day is a useful 
measure. A decrease in efficiency in performing psychological tests early 
in addiction, followed by a return to the control level later in addiction, 
also serves as a measure of tolerance. If the drug produces changes in the 
electroencephalogram, a return to the normal pattern is very good evi- 
dence of tolerance. The development of tolerance to the pain threshold- 
elevating action of the drug is followed by repeating the Hardy-Wolff 
measurements at intervals throughout addiction. Tolerance to the emetic 
effects is easily observed clinically, and tolerance to the depression of ap- 
petite is manifest by a return of the caloric intake to the normal level. 


Detection of Emotional Dependence. Good evidence of habituation may 
be obtained by careful observation of the behavior of the patients. If 
they express satisfaction with the effects of the drug, stop nearly all 
productive activity, neglect their persons and their quarters, and spend 
a great deal of time in bed in a semi-somnolent state, the drug under 
test has considerable habituation liability. If changes in psychological 
tests similar to those which occur during morphine addiction are found, 
the clinical evidence is greatly reinforced. If the subjects like the effects 
of the drug they will request increases in the dosage level throughout 
addiction. They will even beg for more of the drug when definite evi- 
dence of toxic effects are present. If the subjects fail to get satisfaction 
from the drug, they will usually ask for increases in dosage early in addic- 
tion in the hope that more of the drug will produce the effects they de- 
sire. If, after several increases in dosage, they have not experienced suf- 
ficiently pleasurable effects, they will not ask for further increases but 
simply tolerate further elevations as part of a bad bargain. Under such 
éircumstances, some of the subjects will ask for, or even demand, termi- 
nation of the experiment. Important evidence of habituation liability 
of the drug may be obtained after the addiction experiment is completed. 
Ifthe men continue to ask for the drug for weeks and months after it has 
~ been withdrawn, and if they persist in hatching schemes to obtain it, the 
_-drug undoubtedly has habituation liability. The value that addicts place 
on the drug, relative to the value they place on morphine, can be as- 
sessed roughly by arranging experiments in which they are offered a 
choice of either morphine or the new drug. If a number of patients re- 
peatedly choose 10 to 30 mg. of the new drug in preference to 30 mg. of 
morphine, the drug has high habituation liability. If they do not choose 
the new drug until 120 to 240 mg. are offered in exchange for 30 mg. of 
morphine, the drug has low habituation liability. 
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Detection of Physical Dependence. Physical dependence on the new 
drug is studied by completely and abruptly withdrawing the drug. Once 
the drug has been withdrawn, no narcotic drugs whatever are given until 
the observations are complete. During the withdrawal period, the study 
subjects are completely isolated from the remainder of the population of 
the institution, and special precautions are taken to prevent the intro- 
duction of contraband narcotics into the experimental ward. Observa- 
tions for signs of abstinence are made as described under “Substitution 
for Morphine.” If clear-cut evidence of physical dependence is not ob- 
tained after a short period of addiction—2 months or less—the experi- 
ments are repeated using an addiction period of 6 months or more. 


Results of Testing Addiction Liability of Drugs in the Methadone Series. 
In sufficient dosage, racemic methadone was shown to produce intense 
euphoria in former morphine addicts which was manifested by increased 
talkativeness, boasting, requests for more of the drug, and, with large 
doses, marked sedation.® The effects of methadone on psychological tests 
were similar to those of morphine. The euphoria produced by methadone 
came on more slowly than the euphoria produced by morphine, but per- 
sisted much longer. Intravenous injections of methadone produced strik- 
ing euphoria, which experienced addicts described as similar to that 
following intravenous injections of heroin or Dilaudid. After intravenous 
injections of methadone, the addicts would writhe in joy, and say, “Oh, 
boy! that’s a good shot. What is the name of that dope, can you get it 
outside? Will it be put under the Law? If God made anything better 
than that, He kept it for Himself.” In blind experiments, experienced 
addicts could not distinguish the subjective effects of methadone from 
those of morphine, heroin, or Dilaudid. Some men who were experimen- 
tally addicted to methadone came to prefer it to morphine, and in subse- 
quent experiments would exchange morphine for methadone on a weight- 
for-weight basis. The optical isomers of methadone were quite different 
in their effects. Dextromethadone did not produce detectable euphoria 
even when 120-mg. doses were given. Fifteen mg. of levomethadone? 
produced intense euphoria. Racemic isomethadone? (6-dimethylamino- 
5-methyl-4,4-diphenyl-3-hexanone) produced definite euphoria in doses 
of 30 to 60 mg. Methadol (6-dimethylamino-4,4-diphenyl-3-heptanol), 
the alcoholic analogue of methadone, did not produce euphoria. 

During experimental addiction to racemic methadone, tolerance de- 
veloped to the sedative, emetic, miotic, and pain threshold-elevating ac- 
tions®:9 (r1cuRE 1). Similar evidence of tolerance was obtained during 
experimental addiction to racemic isomethadone.7 
The behavior of men addicted to methadone was similar to the behav- 
ior seen during morphine addiction.*® ° The patients ceased all productive 
activity, neglected their persons and their quarters, and spent most of 
their time in bed in a semi-somnolent state which they regarded as very 
pleasurable. Psychological changes during addiction to methadone were 
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FiGurE 1. Development of tolerance to the pain threshold-elevating action of methadone in Subject 
729. Curve 1: Solid circles, greatest response to a 5-mg. dose of methadone prior to addiction. Open cir- 
cles, smallest response to a 5-mg. dose. Crosses, average response toa 5-mg. dose. Open circles with dots, 
control after injection of distilled water. Curve 2: Response to a 5-mg. dose after 7 days of addiction. 
Curve 3: Response to a 15-mg. dose on the 8th day of addiction. Curve 4: Response to a 15-mg. dose 
after 14 days of addiction. Curve 5: Response to a 15-mg. dose after 21 days of addiction. Curve 6: Re- 
sponse to a 25-mg. dose after 28 days of addiction. Curve 7: Response to a 30-mg. dose after 35 days 
of addiction. Curve 8: Response to a 45-mg. dose after 42 days of addiction. Curve 9: Response to a 
45-mg. dose after 56 days of addiction. 


similar to those seen during morphine addiction.® ° During addiction to 
methadone, the patients continually requested increases in dosage. The 
behavior of men experimentally addicted to isomethadone was somewhat 
different. In the first week of addiction, the subjects were exhilarated 

“and slept poorly.’ As the dosage was elevated, this effect disappeared 
and the men showed evidences of mild sedation, which was never so 
marked as with morphine or methadone. Some of the subjects continued 
to work throughout addiction to isomethadone. At first, the patients re- 
quested increases in dosage and complained that the effects were not as 
pleasant as they had hoped. Later in the experiment, they did not ask 
for any further increases in dosage and simply seemed to tolerate the 
elevations in the amount of the drug as a necessary evil. Following re- 
covery after withdrawal, only 2 of the 10 subjects took isomethadone in 
preference to morphine, and then only when 240 mg. of isomethadone 
were offered in exchange for 30 mg. of morphine. 


Physical Dependence on Drugs of the M ethadone Series. Racemic meth- 
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adone’™-? and levomethadone? produced a spectacular decrease in the in- 


tensity of abstinence when administered to men, 28 to 32 hours after — 


withdrawal of morphine (ricurE 2). Racemic methadone was approxi- 
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FIGURE 2. Effects of drugs of methadone series on abstinence from morphine. Ordinates: Average 
intensity of abstinence expressed in hourly points.4 Abscissae: Hours of abstinence. Arrows indicate 
injection of drugs. 10 subjects received levomethadone, racemic methadone, and isomethadone; 4 re- 
ceived 2 doses of dextromethadone; 6 received one dose of dextromethadone followed by one dose of 
isomethadone; 4 received one dose of morphine. Course of untreated abstinence taken from data of 
HIMMELSBACH.4 


Intensity Or Apstinence- Hourly Point Score 


10 


mately 4 times as potent in relieving abstinence as was morphine, and 


levomethadone was 8 times as effective as morphine. The effects of both 
racemic methadone and levomethadone on the intensity of abstinence per- 
sisted much longer than did the effects of morphine. Racemic isometha- 
done (6-dimethylamino-5-methyl-4,4-diphenyl-3-hexanone) lowered the 
intensity of abstinence from morphine but was not as effective as mor- 
phine in this respect. Dextromethadone? and methadol? (6-dimethyl- 
amino-4,4-diphenyl-heptanol) had no effect on the morphine abstinence 
syndrome. 

Racemic methadone® ® (r1curE 3) and levomethadone’ (F1cuRE 4) com- 
pletely prevented the appearance of signs of abstinence when substituted 
for morphine in cases addicted to large doses of that drug. Following 
abrupt withdrawal of racemic methadone® 9 or levomethadone’ after sub- 
stitution for morphine, an abstinence syndrome developed which was 
quite characteristic in its course and manifestations. No signs were noted 
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and the patients made no complaints until the 3rd or 4th day of absti- 
nence. Thereafter er complained of fatigue, weakness, anxiety, vague 
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FIGURE 3. Substitution of methadone for morphine, average of 12 cases. A, preliminary withdrawal 
from morphine. B, restabilization on morphine. C, substitution of methadone. D, withdrawal of meth- 
adone. 


abdominal discomfort, and “hot and cold flashes.” Objectively, signs of 
disturbances in autonomic function were much less prominent than after 
the withdrawal of morphine. Body temperature, pulse and respiratory 
rates, and systolic blood pressure were increased. Caloric intake was 
consistently depressed. The average intensity of abstinence following 
withdrawal after substitution for morphine did not exceed 21 daily 
points (during a preliminary test period of abstinence from morphine, 
the same patients scored an average of 52 daily points from the 24th to 
the 36th hour of withdrawal). The onset of abstinence from methadone 
was slower than the onset of abstinence from morphine, and the course 
was somewhat prolonged as compared to the course of abstinence from 
morphine. 

Isomethadone’ partially suppressed signs of abstinence when substi- 
tuted for morphine at a ratio of 1 mg. of isomethadone for each 1.33 mg. 

_of the substitution dose of morphine. Minorsigns of abstinence appeared 

on the 2nd day of substitution and persisted through the 5th day of sub- 
stitution (ricurE 4). Following abrupt withdrawal of isomethadone after 
10 days’ substitution for morphine, an abstinence syndrome was detected 
12 hours after the last dose of isomethadone was administered. Qualita- 
tively, abstinence from isomethadone was similar to abstinence from mor- 
phine. Many signs of disturbed autonomic function— yawning, lacrima- 
tion, rhinorrhea, mydriasis, etc.— were noted. The patients were restless, 
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FIGuRE 4. Substitution of levomethadone and isomethadone for morphine. Intensity of abstinence is 
expressed in daily points.2 A, period of stabilization on morphine. B, period of substitution of iso- 
methadone for morphine. C, period of abstinence. 


had poor appetites, vomited, and showed slight elevations in rectal 
temperature, pulse rate, respiratory rate, and systolic blood pressure. 
Quantitatively, theintensity of abstinence was about equal to abstinence 
from codeine or meperidine. The Himmelsbach daily point score rose to 33 
points on the 2nd day of abstinence. Abstinence from isomethadone was 
more intense than abstinence from methadone, but less intense than ab- 
stinence from morphine. 

Following abrupt withdrawal of racemic methadone® 9 from patients 
who had had their dosage elevated to 180 to 400 mg. of drug daily over 
the course of 2 to 6 months’ experimental addiction, an abstinence syn- 
drome developed which was qualitatively identical with that which en- 
sued after withdrawal of methadone following substitution for morphine 
(vide supra). The intensity of the abstinence was more severe in the pa- 
tients who were directly addicted to the drug for 6 months than in pa- 
tients who had the drug substituted for morphine.® 9 The average in- 
tensity of abstinence rose to 33 points on the 9th day of abstinence and 
was still above 20 points on the 14th day after withdrawal (FicurE 5). 
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Ficure 5. Intensity of abstinence after administration of methadone for four and one-half to six 
months. Line broken by solid circles: days after withdrawal of methadone, average of 5 cases. Line 
broken by squares: days after withdrawal of morphine, average of 65 cases. 

After abrupt withdrawal of isomethadone from 10 patients who re- 
ceived doses of isomethadone increasing to 240 to 360 mg. daily during 
6 to 8 weeks’ experimental addiction, an abstinence syndrome appeared 
within 12 to 18 hours, which was similar to the abstinence syndrome fol- 
lowing withdrawal of isomethadone after substitution for morphine (F1c- 
uRE 6). Qualitatively, the isomethadone abstinence syndrome was quite 
similar to the morphine abstinence syndrome. Quantitatively, the in- 
tensity of abstinence from isomethadone was about equal to that of ab- 
stinence from codeine. 

The results show that racemic methadone and levomethadone have all 
the characteristics of addicting drugs. In sufficient dose, they produce 
intense euphoria in former morphine addicts. The habituation liability 
of these drugs is at least equal to, and perhaps greater than, that of mor- 
phine. Definite evidence of physical dependence was observed following 
withdrawal of the drugs after substitution for morphine, or after 2 to 6 
months’ addiction to racemic methadone. Although the physical depend- 
ence liability of methadone is less than that of morphine, the emotional 
dependence liability of the drug is so great that methadone should be 
regarded as being almost as dangerous as is morphine. 

Isomethadone is also an addicting drug. Tolerance develops to many 
of its actions. It produces definite euphoria in former morphine addicts. 
Both the habituation and physical dependence liability of isomethadone 
are less than those of morphine. The total addiction liability of isometh- 
adone seems to be roughly equivalent to that of codeine. 


Discussion. The choice of methods to be used in testing a particular 
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FIGURE 6. Intensity of abstinence following withdrawal of isomethadone after experimental addic-_ 
tion for 42 to 59 days, averages of 10 cases. Upper curve: onset of abstinence from isomethadone as 

compared to onset from morphine. Intensity expressed in hourly points.4 Lower curve: course of ab- 

stinence from isomethadone compared to abstinence from morphine. Intensity of abstinence expressed 
in daily points.? Solid line shows intensity of abstinence from isomethadone. Dotted line shows in- 

tensity of abstinence from morphine based on 65 cases of KOLB & HIMMELSBACH.2 


drug depends on the amount of the drug available, and on whether or 
not it is a member of a series with known addiction liability. If only a 
small amount of the drug is available, the single dose and/or the substi- 
tution methods must be used. If the drug is a member of a known ad- 
dicting series, the single dose methods usually yield sufficient informa- 
tion. If the drug relieves physical dependence and produces euphoria, it 
has addiction liability. If the drug does not relieve physical dependence, 
substitution studies and direct addiction experiments must be carried 
out. 

When the drug to be tested is a member of a completely new series of 
analgesic drugs, all the methods must be used. A drug should never be 
regarded as non-addicting unless patients have received large doses of 
the compounds for at least 6 months. 

The final test of the addiction liability of a new drug comes when the 
drug is released for sale and is widely used in clinical practice. Meper- 
idine,® which Himmelsbach judged to have addiction liability on the 
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basis of the results of tests identical with those described above, has 
been available for 5 years. During that period, it has been widely abused 
by morphine addicts, and, since 1946, about 20 meperidine addicts who 
were never addicted to morphine have been admitted to the U. S. Public 
Health Service Hospital at Lexington, Kentucky. Most of the primary 
meperidine addicts which have been studied at Lexington were origi- 
nally given meperidine for the relief of pain or asthma. This suggests 
that, even though our experiments are designed to simulate conditions of 
abuse, they are not without value in predicting addiction liability under 
conditions of legitimate medical use. Methadone has been available for 
only a year, but already morphine addicts are abusing the drug. Several 
patients who were using both morphine and methadone have entered the 
Lexington hospital in recent months. These cases support the validity 
of the methods of testing addiction liability described above. 


Summary 

1. In assessing the addiction liability of a new analgesic drug, attention 
should be given to all three of the characteristics of addiction to 
the opiate drugs—tolerance, physical dependence, and habitua- 
tion (emotional or psychic dependence). Physical dependence and 
emotional dependence are equally important. The final tests of ad- 
diction liability must be carried out on human subjects. Addiction- 
liability tests which simulate conditions of abuse are more impor- 
tant than tests of addiction liability under conditions of medical 
use. 

2. Four methods of testing addiction liability are described: administra- 
tion of single doses for the detection of euphoria; the effect of single 
doses on abstinence from morphine; substitution of the new drug 
for morphine in cases strongly addicted to morphine; and direct 
addiction to the new drug. 

3. Racemic methadone, levomethadone, and racemic isomethadone are ad 
dicting drugs. The total addiction liability of racemic methadone 
(or levomethadone) is nearly equal to the addiction liability of mor- 
phine. The addiction liability of racemic isomethadone is about 
equal to that of codeine. 
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THE IMPORTANCE OF ADDICTION 
TO THE NEWER SYNTHETIC ANALGESICS 
IN HUMAN THERAPY 


By ROBERT C. BATTERMAN 
Department of Therapeutics, 
New York University College of Medicine, New York, N. Y. 


\Vigees the introduction of new synthetic analgesic agents, consider- 
able attention has been focused on the possibility of the occur- 
rence of addiction with their use. Although it appears that some of these 
drugs possess addictive properties, insufficient data have accumulated, 
when used in bona fide medicine, attesting to the relative addiction lia- 
bility of these compounds as compared to known opiates. Any consider- 
ation of the addiction liability of the new analgesics must, therefore, in- 
clude a discussion of the problem of addiction in general. 

If by the term “‘addiction” is meant the abuse of a drug by reason of 
excessive use and continued administration, then it is a well-known clin- 
ical fact that every medication, regardless of its therapeutic merit or 
potency, may in susceptible individuals be classified as an addictive 
drug. Obviously, there are many objections to this definition. Emphasis 
is placed upon “‘susceptible individuals” rather than upon any particu- 
lar drug. Abuse of any medication, to satisfy a psychic need, should be 
primarily labeled as habituation. In contrast to this, if a drug produces 
upon chronic administration an alteration of the physiological functions 
of the body so that its withdrawal results in typical objective physical 
abstinence phenomena, then such a state is classified as addiction. The 
definitions distinguishing habituation and addiction are also inadequate, 
for once again emphasis is placed on only one facet of the problem, in 
this case the pharmacological effects of the drug.. It is apparent that 
drug addiction is a problem of the individual as well as of the drug. It 


may be advantageous, in view of the confusion and controversies result- 


ing from adherence to any definition of addiction, to obtain a new term 
which would more adequately express the dual concept of the problem. 
It may be possible, in this manner, to avoid the widespread misuse by 
both the medical profession and the lay public of the term ‘“taddiction,” 


“or the labeling of an individual as an ‘“‘addict” in the absence of clear- 


cut evidence. It is of interest to note that the words ‘‘addiction” or ‘‘ad- 
dict” were rarely employed prior to 1910 and that these terms were not 
used in the narcotic laws enacted by Congress until 1929, at which time 
the narcotic farms for the confinement and treatment of persons ad- 
dicted to “thabit-forming narcotic drugs” were established. There is ab- 
solutely no question that legal restriction of these drugs is essential, but 
it is unfortunate that a new connotation that “an addict is a criminal” 
[ 123 ] 
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has been implanted upon habitual users of these drugs. Although many 
criminals, because of personality disorders, resort to narcotic drugs, it 
definitely beclouds the issue to consider all individuals who abuse drugs 
as criminals, 

In the bona fide use of these drugs in medicine, the physician is often 
in fear of the legal aspects involved in prescribing narcotics. As Kolb 
and DuMez! point out, “the numerous reports and forms which phy- 
sicians are required to make out in order to prescribe narcotics in any 
form tends to keep them alert to the dangers of these drugs.” There is 
no doubt that the legal safeguards set up have played a considerable 
role in decreasing the number of medically addicted patients. However, 
from the viewpoint of the patient who actually requires these medica- 
tions, it makes one wonder if treatment may have been inadequate be- 
cause the physician’s concern is first with legal forms and second with — 
the needs of the patient. Ido not wish to imply that the physician should 
overlook the dangers of addiction to narcotic drugs, but in the use of 
these drugs in medicine the likelihood of addiction resembling the type 
exemplified by the psychopathic individual is small. It is true that pro- 
miscuous administration of these drugs by some physicians has resulted 
in patients continuing their use as addicts. However, this group in com- 
parison to the overall census of addicts is also small. Suffice it to state 
now that most physicians are, unfortunately, confused in regard to the 
addictive liability of these drugs and do not distinguish between the 
underlying psychogenic component of the patient and the pharmacolog 
ical effects of the drug. 

Habituation is possible with every known drug, including milk sugar 
and sodium chloride as well as those drugs exerting a potent action upon 
the higher brain centers. In my experience, it is not an unusual occur- 
rence for patients to require a placebo repeatedly during the day, or 
whenever the need arises to sustain or achieve a state of well-béing. Ces- 
sation of such therapy, particularly if the original reason for the medi 
cation continues, results in excitement, restlessness, nervousness, and 
incessant demands for the renewal of the medication. With the excep- 
tion of typical abstinence phenomena, these patients, from the subjec- 
tive point of view and psychic reactions, are indistinguishable from in- 
dividuals with true addiction. Unfortunately, a patient with psychic 
addiction very often becomes a problem in management. The situation 
is particularly disturbing if the patient, because of a disease such as 
bronchial asthma or angina pectoris which possesses marked psychoso- 
matic components, feels that any moment will be his last. Many of these 
patients are classified as addicts mainly because they are very insistent 
about obtaining medication. Unless physical dependence to the drug 
can be demonstrated, the physician is guilty of a serious injustice to the 
patient if he makes such a classification. 

It is generally agreed that the fundamental aspect of addiction re- 
volves about the underlying psychic deficiency of the individual. Thus, 
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; Fenichel? states that “the origin and nature of the addiction are not de- 
_ termined by the chemical effect of the drug but by the psychological 


_ structure of the patient.” Kolb’s? classification of drug addicts is veri- 


fication of this fact. 
An individual possessing a pre-morbid personality will grasp uncon- 


Sciously at any means to satisfy the psychic void and thus obtain a sense 


_ of security or maintenance of self-esteem. The use of a potent drug is 
_ only incidental in the overall picture of addiction. It enters into the pic- 


ture only when opportunity presents itself for use. In light of this, it is 
immaterial whether an individual resorts to alcohol, cocaine, morphine, 
or any other drug so long as this psychic void is filled. It is of interest to 
note that some patients resort to excessive intake of food to satisfy their 
psychic needs while, in other cases, the mere insertion of a needle in 
the so-called “needle addicts” is sufficient. However, the problem goes 
further than this because certain drugs have the ability to alter the phys- 
iological functions of the body, which results in physical dependence. 


_In the pathogenesis of addiction, an individual usually goes through a 


phase of habituation. As the drug is continued, the individual begins to 
experience increasingly severe symptoms when the drug is not taken. It 
is almost immediately learned that repetition of the drug prevents or 
abolishes these unpleasant symptoms. A vicious cycle is thus established 
with the individual unable to discontinue the drug at will“It is this phase 
of drug addiction which makes the drug addict a problem to himself as 
well as to the community. 

The addiction liability of the new analgesic agents must, therefore, be 
considered in two phases: first, the liability of the individual to use these 
new preparations and, second, the liability of the drug to produce phys 
ical dependence. 

In 1943, Himmelsbach and [4 indicated that, in terms of likelihood of 
developing an addiction toa new analgesic drug, there exist four types of 
individuals or conditions which must be considered independently. At 
that time, we worked with Demerol, knowing that this drug can produce 
physical dependence. The same four categories can be utilized for all 
new analgesic drugs. 


- First, we have the use of these drugs by former opiate addicts. It has 


been definitely established that Demerol, methadone, and several deriva- 
tives of the latter can result in physical dependence when administered 
to former morphine addicts. Unrestricted use of Demerol and methadone, 
the two currently available synthetic drugs, in this group of individuals 


“leads to abuse and invariably to an addiction indistinguishable, for the 


most part, from that noted with the opiates used previously. Correctly 
interpreted, this type of addiction should be classified as secondary or 
substitution addiction. It is important to take this into consideration 
because addicts develop physical dependence to these drugs with an ease 
not noted in patients receiving the same drugs in the bona fide use in 
medicine. There is a possibility that previous opiate use has altered the 
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physiological background so that the individual becomes more suscepti- 


ble to the physical dependence effects of these drugs. An analogy of this | 


| 
] 
| 
| 


phenomenon may be found in the studies with desomorphine upon mon- ) 
keys by Eddy and Himmelsbach.' “The abrupt withdrawal of dihydro- 
desoxymorphine-D, the administration of which was superimposed upon _ 


a previous morphine addiction, resulted in the appearance of abstinence 


manifestations not significantly distinguishable from those appearing © 


after abrupt withdrawal of morphine alone, and in marked contrast to the 
very slight modifications of behavior which occurred upon abrupt with- 
drawal of dihydrodesoxymorphine-D when it was the only drug used.” 

Whether an opiate addict will resort to these newer analgesic agents 
for control of his withdrawal symptoms depends upon several factors. 
These include the degree of “lift” obtained by the drug, or the ability 
of the medication to restore emotional normalcy; the ability of the drug 
to control the signs and symptoms of abstinence in terms of dose, tol- 
erance, and duration of effect; and the availability of the medication 
through illicit channels. With rare exception, the confirmed morphine 
addict is not satisfied by the mild euphoric action of Demerol. Add to 
this the large dose usually required for control of withdrawal symptoms, 
the rapid development of tolerance, the progressively decreasing interval 
between “‘shots,” and the difficulty of obtaining Demerol as compared to 
opiates, it then becomes evident why Demerol is not the drug of choice 
by this group of individuals. Some addicts will occasionally use Demerol 
when unable to obtain morphine. However, the use of Demerol to the ex- 
clusion of morphine, or one of the other opiate drugs, by an individual 
previously addicted to them is very unusual. According to the data gra- 
ciously supplied to me by Drs. Vogel and Chapman’ of the United States 
Public Health Service Hospital at Lexington, Kentucky, such individ- 
uals constitute about one-half of one per cent of the total number of ad- 
dicts admitted to that institution during the past year. 

It is too soon to evaluate methadone in this regard. However, it is well 
known that methadone and several of its derivatives are satisfactory 
agents for controlling the withdrawal symptoms of morphine when given 
to previous morphine addicts. Several patients, other than those experi- 
mentally studied, have already been treated for methadone addiction at 
the Lexington, Kentucky, hospital, and I recently had the opportunity 
of observing a similar patient who substituted Demerol and then metha- 
done for his addiction to morphine. In view of the fact that methadone 
produces in such individuals greater satisfaction than does Demerol, it 
is likely that a greater number of secondary addicts will appear in the 
near future. 

The possibility of primary addiction in an unstable person who other- 
wise would abuse an opiate to the point of addiction, but who has had 
no previous opiate experience, constitutes the second and third cate- 
gories. In one group, we have individuals who make original contact 
with the drug as a result of its administration by a physician for a defi- 
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nite illness, and because some psychic deficiency is alleviated, the drug 
is continued and abused. In the other group, we have physically healthy 
individuals who, instead of using an opiate for pleasure and curiosity, 
resort to the newer analgesic drug. There is no doubt that primary ad- 
_ diction has been noted in the first instance, but, so far as I know, no 
case has been reported as being primarily addicted to Demerol or meth- 
adone because these drugs were used first in the same way morphine or 
heroin is used by the typical psychopathic individual. Several reasons 
for this come to mind and include the relatively small degree of euphoria 
obtained as contrasted with morphine and heroin; the high probability 
of acute toxicity and unpleasant untoward reactions frequently noted 
when these new drugs are administered parenterally, particularly if the 
individual is ambulatory; and, finally, the difficulty of obtaining the 
medication through illicit channels. 

Let us return for a moment to the group of medically addicted pa- 
tients who possess all the psychic attributes conducive to addiction. Ac- 
cording to the Public Health Service data from Lexington, Kentucky, 
this group using Demerol constitutes one-half of one per cent of all ad- 
dicts. This is approximately one-sixth the incidence of similar patients 
addicted to morphine. 

Reports in the literature regarding this phase of addiction to Demerol 
are very scanty. The first reference’ to primary addiction with Demerol 
resulting from medical use appeared September, 1946, a period of ap- 
proximately 7 years following the introduction of the drug and 3 years 
following availability of the drug in this country. Commissioner An- 
slinger of the Federal Narcotic Bureau published abstracts of reports of 
15 individuals addicted to Demerol. Of this group, 7 cases were of the 
secondary type and do not enter into this discussion. In case No. 5, no 
data other than a statement that “he was reported to be addicted to 
demerol”’ was furnished. In the ninth case, the patient was labeled an 
addict merely because she demanded the drug to relieve her pain. Pa- 
tient No. 14 was stated to have a “craving for Demerol” without indica- 
tion that this may have been habituation rather than physical depend- 
ence. In the eighth patient, there was a history of opiate use, but not 
addiction prior to Demerol abuse. The remaining four cases were phy- 
sicians, two of whom, admittedly, had also had some opiate previously, 
while one hada chronic disease which would make it very likely that some 
opiate had been used. Thus, in only one case could the diagnosis of 
primary addiction be accepted without doubt. Wieder’ from the United 
“States Public Health Service Hospital of Lexington, Kentucky, in De- 
cember, 1946, reported three cases of Demerol addiction. One case was 
definitely a secondary type. Another case was a nurse who had access to 
opiates and used these preparations for over 20 years before resorting to 
Demerol. The third patient also had considerable experience with co- 
deine and morphine prior to the use of Demerol, although at no time was 
he considered to be an opiate addict. 
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These two reports are the only available evidence in the literature re- 
garding primary addiction to Demerol. Correspondence with the Lexing- 


ton, Kentucky, hospital also indicates that there have been additional _ 
patients of this type. It is my impression that the majority of these pa- _ 


tients (the exact number is unavailable to me) have had previous opiate 
administration but have not been classified as opiate addicts because 


they gave no history of abstinence manifestations with their use. Classi- | 
fication of these patients as true primary Demerol addicts is therefore — 


open to question. We have insufficient knowledge of the action of opiates 
to exclude the possibility that previous administration of these prepara- 
tions does not alter physiological or chemical functions short of demon- 
strable physical dependence. Again, the experiments of Eddy and Him- 
melsbach with ‘desomorphine” strengthen this viewpoint. Primary ad- 
diction to Demerol undoubtedly does occur, but the evidence available 
to date requires further careful evaluation. 

The fourth category is the development of physical dependence “in an 
otherwise normal person suffering an illness requiring prolonged admin- 
istration of a potent analgesic.” The addiction liability of morphine in 
this group of patients was well presented by Lee.° In all cases, typical 
abstinence phenomena occurred following parenteral and oral use for a 
period of chronic administration of 21 days. This is in accord with clini- 
cal experience that patients receiving morphine for a chronic illness will, 
with rare exception, develop physical dependence to the drug within 
two to four weeks of therapy. The psychic component, as a rule, is not 
prominent in this group of patients and, because of this, the patient is 
not considered an addict. However, in view of the physical dependence 
to morphine, these patients, according to the definition of addiction, 
should be so classified. The addiction liability of the new analgesic drugs 
in terms of duration of administration to achieve physical dependence 
in a similar group of patients is very low. In reference to Demerol, I was 
able to follow 47 patients on continuous administration both orally and 
parenterally for many weeks or months, and in a few instances for over 
a year, without noting any signs or symptoms of abstinence upon with- 
holding the drug. Curry” has reported a similar case. The Public Health 
Service Hospital has also not encountered any accidental primary addic- 
tion to Demerol in a normal individual. 

In regard to methadone, information about the last three categories 
are lacking because the drug has not had sufficient clinical use. It may 
be predicted, however, that primary addiction will be noted with ex- 
tended use, but, in all probability, because of its low addiction lability, 
the incidence of its occurrence will be small. 

The final point for discussion is the danger involved, other than ad- 
diction, from the chronic administration and abuse of these drugs. Ex- 
cessive doses of Demerol result in cerebral irritability that manifests it- 
self by uncoordinated muscle movements, tremors, and in the extreme 
state by convulsions. Toxic psychosis may occur. The atropine effects of 
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Demerol result in visual disturbances and marked dryness of the mucous 
membranes. Prolonged use of methadone may also result in serious cumu- 
lative toxicity. In a group of 33 patients reported by Oshlag and me,!! 
mental confusion and toxic psychosis occurred in 37.5 per cent of pa- 
tients over the age of 50 who received the drug in therapeutic doses of 
2.5 to 5.0 mg. repeatedly for 5 days or longer. Data on methadone ad- 
dicts are not available, but it is anticipated that this toxic manifesta- 
tion will be serious in view of the usual practice of these individuals to 
exceed the therapeutic dose. The one methadone addict I had the oppor- 
tunity to observe demonstrated mental deterioration and memory lack 
which subsided when the drug was discontinued. 

In summary, the addiction liability of the new analgesic drugs must 
be considered from the point of view of the individual as well as the 
drug. The major problem in addiction is the psychic structure of the 
individual. The new analgesic drugs produce physical dependence. To 
date, this has been satisfactorily demonstrated in previous opiate ad- 
dicts or individuals who have had previous opiate experience. Primary 
addiction undoubtedly occurs, but the available evidence is unsatis- 
factory. The overall incidence of addiction to Demerol is small consider- 
ing the widespread use of the drug in medicine. Conclusions regarding 
methadone must be held in abeyance until it has had further clinical trial. 
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THE FEDERAL FOOD, DRUG AND COSMETIC 
ACT AND NEW ANALGESIC DRUGS 


By ERWIN E. NELSON 
New Drug Section, Medical Division, 
Food and Drug Administration, Washington, D. (OF 


a [es present Federal Food, Drug and Cosmetic Act, which became 
effective as of June 30, 1938, provides that no new drug may be in- 
troduced into interstate commerce unless an effective new drug applica- 
tion is held by the person so introducing the drug. A “‘new drug” is de- 
fined as one which is not generally recognized, by experts who are quali- 
fied by training and experience to evaluate safety, as safe for use under 
the conditions of use set forth in the labeling. Under this definition, 
newness may arise from a number of circumstances. The most important 
of these is actual newness of the substance in the lay sense of the term. 
In such a case, the drug will not be generally recognized as safe because 
either there is a lack of actual information regarding it, or the informa- 
tion which may. have been obtained to establish safety may not be gen- 
erally known to the experts. The Act is specific on this latter point. It 
includes in the definition the statement that a substance is a “tnew 
drug,” when “as a result of investigations to determine its safety for 
use under such conditions, [it].has become so recognized, but has not, 
otherwise than in such investigations, been used to a material extent 
or for a material time under such conditions.” In other words, making 
a, new drug application effective does not necessarily mean that other 
manufacturers who propose to market the drug are absolved from the 
necessity of submitting new drug applications. Newness of a drug may 
arise not only from the newness of the active ingredient. It may also 
arise from the use of a new preservative or vehicle or suspending agent. 
It may be recalled, in this connection, that it was the use of diethylene 
glycol as a solvent for sulfanilamide which led to the tragic events which, 
in their turn, impelled Congress to support inclusion of the new drug 
section in the Act then under consideration. Newness may arise also 
from the newness of use of an old substance. For example, the utilization 
of urethane in the palliative treatment of lymphatic leukemias in the 
opinion of the Food and Drug Administration makes urethane a new 
drug for this use. 

The manufacturer of a new drug, in submitting a new drug applica- 
tion, is called upon to supply certain important information to the Ad- 
ministrator of the Federal Security Agency. The most important is that 
having to do with the safety of the drug, always in the light of the uses 
for which the drug is intended. The manufacturer must offer evidence 
obtained by competent observers, that for the use intended, in the Be 
ommended dosage and manner or frequency of administration, the drug 
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is safe for use. No definition of safety actually appears in the Act. Asa 
matter of fact, no satisfactory definition seems possible. Every physician 
recognizes that, when he elects to use drugs in the therapy or the diag- 
nosis or the prevention of disease, he must weigh the possible untoward 
effects against the value of the drug for his purposes. He does not hesi- 
tate to employ general anesthetics or local anesthetics or digitalis, in- 
sulin, antitoxins, penicillin or the sulfonamides if the need exists, even 
though in an absolute sense the safety of such use varies widely. In prac- 
tice, the Food and Drug Administration has taken the position that a 
maximum of safety exists when the physician is fully informed with re- 
spect to the drug which he elects to employ. He must know something 
about the pharmacology ofa drug, how readily and rapidly it is absorbed, 
what its mechanism of action is, how it is detoxicated or excreted, what 
the proper dosage and duration of action is, how dosage is related to 
age, weight, disease state. He must know the symptoms of overdosage, 
the margin of safety, the possibility of cumulative action or of sensitiza- 
tion on repetition. Only in the light of such information can he employ 
drugs with a maximum of safety. It will readily be recognized that to 
supply the answers to such questions, the introducer of a new drug is 
called on to do a great deal of work. Actually, as submitted, many new 
drug applications come close to being monographs on their subjects. 
They contain detailed pharmacological studies, reports of acute, sub- 
acute and, in some cases, chronic toxicity studies, on laboratory animals. 
Of course, the necessity for long time studies depends on the type of 
drug and its frequency and duration of administration. The results of 
clinical trials are presented in sufficient number and detail to establish 
both the proper dosage levels and the type, frequency, and severity of 
side reactions. 

Other requirements which must be met in the new drug application 
are: a statement of the components of the drug, and of its actual com- 
position in the final finished dosage form; the details of the manufactur- 
ing process, and the controls which are used to establish and maintain 
the identity, strength, quality, and purity of the product; a sample of 
the drug; and the proposed label and labeling. It is, of course, in the 
label and labeling that the “‘conditions of use”” mentioned in the defini- 
tion of a new drug are set forth. As the Act is worded, actually, the new- 
ness of a drug can be determined only when considered in the light of 
these directions for use. 

On the basis of its review of all of the material described above, and of 
any other information which may be available, the Administrator may 
permit the application to become effective, if in his opinion the informa- 
tion establishes the safety for use under the conditions of use set forth 
in the labeling. It should be emphasized that there are certain safe- 
guards in the Act, to permit an appeal from a negative decision on the 
part of the Administrator, or an arbitrary exercise of his power. There 
also exists a provision which, in effect, permits the revoking of an effec- 
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tive application if in the light of further knowledge it develops that the 
drug is not safe for use. Details of these procedures need not be discussed 
here. 

Comment may be offered on two points mentioned above. In the first 
place, making a new drug application effective does not constitute either 
endorsement or approval of a new drug. Efficacy for the purpose in- 
tended is not a primary consideration in the review of the application. 
This review has to do with the evidence for safety. However, efficacy may 
come into the picture. A hypothetical case may illustrate this. If thio- 
uracil had, perchance, been submitted simultaneously or subsequently 
to the submission of propylthiouracil, the two substances being essen- 
tially equivalent so far as therapeutic efficacy is concerned, the greater 
toxicity of thiouracil would undoubtedly have resulted in a refusal to 
permit the application for thiouracil to become effective. 

A second comment has to do with the brochure in which, in the case 
of the majority of new drugs, the directions for use are stated. It is the 
practice of the New Drug Section to give very careful consideration to 
this material. It is here that the introducer can set down the information 
which the physician requires for the effective andsafeuse of the material. 
It is in the brochure that attention can be called to the side effects, or 
the effects of overdosage, and to the circumstances under which a maxi- 
mum of safety can be attained. Actually, the very fact of newness means 
that standard texts on drugs and drug action and uses which are readily 
available to the physician are not likely to contain the required informa- 
tion. 

No word has been said, up to this point, regarding new analgesic drugs. 
All of the requirements with respect to any new drug of course apply to 
a new analgesic agent. A new drug application covering a drug which is 
introduced for use in the relief of pain must be judged by the same fun- 
damental standards, evaluated with respect to the same points, as other 
potent agents. How does it act? What are the frequency and severity of 
the side reactions? What is the margin of safety? What are the possibili- 
ties or likelihood of misuse? © 

The answer to the last question is, of course, the one of greatest im- 
portance. As the reader is aware, there area number of substances which 
have therapeutic value and which should not be denied the physician, 
but which nevertheless can readily be misused. Amphetamine, the bar- 
biturates, bromides, alcohol, cocaine, opium and its derivatives, all are 
subject to abuse, and these abuses may become major social problems. 
It is the position of the Food and Drug Administration, as already 
stated, that maximum safety is attained when the physician is fully in- 
formed as to all of the hazards of use. It is, therefore, the belief of the 
Administration, and applicants are so advised, that applications for 
drugs having analgesic properties should include reports of sufficient 
work to establish clearly just what hazards of habit formation or of ad- 
diction may exist. More than this, such information should be adequate 
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to establish the relative degree of hazard as compared with that from 
other drugs of equal effectiveness. It is not the responsibility of the Food 
and Drug Administration to say who should make such studies. It és its 
responsibility to be certain that these are adequate, both qualitatively 
and, in so far as is possible, quantitatively. Only in the light of such in- 
formation is a maximum of safety possible, and only with such informa- 
tion before it can the Food and Drug Administration reach a sound and 
proper conclusion with respect to the safety for use of a new analgesic. 


REGULATORY PROBLEMS OF THE NEW 
ANALGESICS UNDER THE NARCOTIC LAW 


By H. J. ANSLINGER 
Bureau of Narcotics, Treasury Department, Washington, D. C. 


ee the standpoint of the application of drug traffic control meas- 
ures under Federal narcotic laws in effect prior to July 1, 1944, the 
new analgesics could be divided into two classes; (1) new analgesic opium 
derivatives and (2) synthetic analgesics. In the case of new analgesic 
opium derivatives, of which Metopon is an example, no new Federal leg- 
islation was required to make them subject to the existing Federal laws 
relating to narcotic drugs. Thus, Metopon, being a morphine derivative, 
automatically became subject to the same control as morphine sulphate, 
in so far as the application of the Federal narcotic drug laws is con- 
cerned. An additional measure of control over the production, distribu- 
tion, and use of Metopon was afforded through the instrumentality of a 
patent for the drug which was assigned to, and is now owned by, the 
government. 

I believe it is now generally understood that Metopon was found to 
possess certain advantages over other opium derivatives, currently in med- 
ical use, in the treatment of the chronic suffering of malignancies. There- 
fore, the distribution of Metopon was limited by patent license agree- 
ment to a single medical purpose: the oral administration for chronic 
pain relief in cancer cases. It was tentatively determined that the period 
of this limited distribution should be at least one year, and the distribu- 
tion procedure provided for the acquisition, by Dr. Eddy of the Public 
Health Service, of further clinical data from physicians who used it for 
the purpose stated. Dr. Eddy has made careful analysis and classifica- 
tion of the data received thus far, and consideration is being given to a 
plan which envisages somewhat more extended distribution of Metopon 
whereby it will be available in drug stores, on a physician’s bona, fide 
prescription, for the relief of chronic pain incident to other diseases be- 
sides cancer. It will be remembered, however, that entirely aside from 
any question of patent control, the production and distribution of Meto- 
pon is subject, as always, to the provisions of the Federal narcotic laws. 

The second class of new drugs is that of the synthetic analgesics, pro- 
duced without reference to opium or morphine as a parent substance. 
The first example of this class to be brought to our attention was Dem- 
erol. This drug was found to have habituating qualities comparable to 
morphine but, because it did not, even at the timeit wasreleased as anew 
drug by the Food and Drug Administration, come within the statutory 
definition of a narcotic drug, it was not at that time subject to the 
Federal narcotic laws. A special statute was therefore necessary and, 
under an act approved July 1, 1944, Demerol, under the coined term 
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“isonipecaine,” was made subject to the Federal narcotic laws to the 
same degree as is morphine, excepting that no provision was made for 
the use of Demerol in the so-called exempt (non-prescription) remedies. 

The discovery, production, and distribution of Demerol foreshadowed 
the discovery and possible production for medical use of other synthetic 
analgesic drugs. Foreseeing this development, and considering the like- 
hood that other synthetic analgesics would have habituating qualities, 
the Treasury Department, upon the suggestion of the Ways and Means 
Committee of the House of Representatives, completed a proposed bill 
designed to cover under the Federal narcotic laws, by carefullyregulated 
administrative procedure, each new drug as it was sought to be intro- 
duced into trade supply channels, provided the new drug was found to 
have habituating qualities similar to morphine or cocaine. It will be re- 
membered that, about one year after the enactment of thespecial statute 
making the narcotic laws applicable to Demerol, the Department of 
Commerce made available to the American pharmaceutical industry the 
publication known as P. B. 981 which outlined processes and other in- 
formation concerning such synthetic analgesics as amidon and Bemi- 
don. Experimental production and clinical study of amidon was in- 
stituted shortly thereafter, and in the spring of 1946 the Public Health 
Service commenced its clinical studies of amidon. 

Congress enacted the bill into law as Public Law 320—79th Congress, 
approved March 8, 1946. Section 1 of this act provided for the covering 
under the Federal narcotic laws of any drug found by the Secretary of 
the Treasury, after due notice and opportunity for public hearing, to 
have an addiction-forming or addiction-sustaining liability similar to 
morphine or cocaine, and proclaimed by the President to have been so 
found by the Secretary. The result of the Public Health Service tests of 
amidon, made available to the Bureau of Narcotics in April, 1947, in- 
dicated that the drug had the requisite habituating qualities and, fol- 
lowing the statutory procedure, the Secretary made his finding accord- 
ingly. The President proclaimed such finding as of July, 31, 1947, the 
proclamation being published in the Federal Register as of August 2, 
1947, and the Federal narcotic laws immediately became applicable to 
amidon. The same procedure is applicable to other synthetic analgesics 
now being, or which may be, studied, provided they are found to possess 
the requisite habituating qualities. 

The procedure by which these new synthetic analgesic drugs with ha- 

pituating qualities may be brought within the purview of the Federal 
narcotic laws with reasonable promptness is very important to that de- 
gree of control of domestic production and distribution which is de- 
signed to make these drugs available only for proper medical purposes 
within the United States. It is also desirable, and necessary, that the 
international traffic in such synthetic analgesics be likewise controlled 
pursuant to the system of international control currently applied pur- 
suant to the narcotic drug conventions, notably the Geneva Convention 
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of 1925 and the Convention for Limiting the Manufacture and Regulat- 


ing the Distribution of Narcotic Drugs of 1931. While these two Con-— 


ventions provide machinery for extending their terms to new analgesic 
opium derivatives, such machinery is not made applicable to the syn- 
thetic analgesics. The Commission on Narcotic Drugs of the United Na- 
tions has recommended, in its report to the Economic and Social Coun- 
cil of that organization, that a draft Protocol be prepared and circulated 
to all Governments concerned, with a view to the said Protocol being 
brought into force at the earliest possible moment. The Protocol would 
be a separate international instrument to cover new drugs which do not 
fall under present Conventions, the procedure being somewhat anal- 
ogous to that provided for covering new drugs under our narcotic laws, 
except that the ultimate fact-finding body is the World Health Organi- 
zation. Every effort is being made to expedite action on this proposal in 
order that appropriate regulation of international movement, as well as 
control of world production, of the new synthetic analgesic drugs may be 
achieved as soon as possible, thus reducing the opportunity for diversion 
of such drugs to non-medical purposes. 

A further consideration in the general plan of achieving complete con- 
trol of the traffic in the dangerous synthetic analgesic drugs, is the ques- 
tion whether State narcotic laws can be made applicable to such drugs. 
It seems to be a rather slow process to achieve 100 per cent coverage of 
the narcotic enforcement problem in this respect, since even sixteen 
years after the model Uniform State Narcotic Act was drafted, there 
still remain some three or four states which have not adopted this legis- 
lation, or legislation which the Bureau of Narcotics deems of comparable 
efficacy. It is very doubtful that those states which have already adopted 
the Uniform Narcotic Law will accept a State administrative procedure 
similar to that in the Federal sphere, providing for a reasonably prompt 
coverage under their existing State law of the synthetic drugs found to 
be dangerous. It is probable that the new synthetic drugs will be covered, 
if at all, under these laws, one by one, as their dangerous habituating 
qualities become widely known, and it must be remembered that the 
State legislatures generally meet biennially and there is frequently a 
lack of interest in this important legislation. As far as I am informed, a 
movement looking toward the possible application of a State narcotic 
law to amidon has been started in only one state, New York. 

In conclusion, I express the hope that any manufacturer or pharma- 
ceutical laboratory which undertakes experimental study of a new syn- 
thetic analgesic will, subject to appropriate protection of its priority 
therein, submit complete data on the drug to Dr. Eddy for study and 
report by the Committee on Drug Addiction and Narcotics of the Na- 
tional Research Council. In addition, and even independently of a de- 
termination of the comparative analgesic efficacy of such a drug, it is 
most important to make a determination relative to the habituating 
qualities thereof, before the drug is distributed for medical use. 


METHADONE IN INTERNAL MEDICINE 


By RAYMOND N. BIETER anv STANTON A. HIRSH* 
Departments of Pharmacology and Internal Medicine, 
University of Minnesota Medical School, Minneapolis, Minnesota 


j p= release of methadone (10820) by the Food and Drug Adminis- 

tration about a year ago opened a new and interesting chapter on 
the action and uses of analgesics, particularly of the morphine type. 
Since then, other derivatives have been made available for experimental 
study. It is the hope that investigators will be able to discover the drugs 
of maximum use with the minimum untoward reactions, for routine or 
special uses. It appears at present that rather extensive clinical trials 
will be necessary to find the answers to these questions. 

Among the available reports on the clinical usefulness of methadone 
in internal medicine are those of Scott, Kohlstaedt, and Chen,! Kirch- 
hof and David,? Ishmael and Stacy,’ Bercel,* and Troxil.5 All of these 
investigators found methadone to be a powerful analgesic. Milligram for 
milligram, it is probably more active than morphine. In most clinical 
investigations, a small number of patients have been studied in which 
both methadone and morphine or another opium alkaloid have been used. 
A considerable number of patients have shown a preference for metha- 
done over morphine, meperidine and codeine. Reversed preferences have 
also been observed. Whether there exists a striking preference for any 
one of these drugs is still not proven. Likewise, some patients have been 
observed in whom one or more of the above analgesics have failed. In 
these instances, methadone has not always been the least active drug. 
And again, certain patients who have been unable to tolerate morphine 
have taken methadone and have shown satisfactory analgesia with no 
side effects. Therefore, methadone, as an analgesic, cannot be dismissed 
lightly. 

In the overall picture presented by these investigators, complete relief 
of pain was obtained in 50 to 70 per cent of patients, moderate relief in 
an additional 20 to 30 per cent, and failures in from 3 to 20 per cent. If 
one selects the patients in “general medicine” to whom the drug was 
given from the reports of Scott e¢ al., and Troxil, one finds that moderate 
to complete relief was obtained in over 90 per cent patients. On the other 
hand, Batterman® reported in 180 patients that control of pain by oral 
“administration was produced in only 40 per cent of trials, and by paren- 
teral injection in 76 per cent of trials. Inasmuch as no description of the 
type of patient was included and no data given as to whether control of 
pain was moderate and/or complete, these results cannot be adequately 


evaluated. 


* Grateful appreciation is accorded to Abbott Laboratories, Ciba Pharmaceutical Products, Inc., Eli 
Lilly and Pee oany, Lederle Laboratories, Inc., Parke, Davis and Company, G. D. Searle and Com- 
pany, and Winthrop-Stearns, Ine., for research grants given to the Regents of the University of 
Minnesota for studies in clinical pharmacology. 
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The data recently reported by Troxil have been rearranged and the 
cases falling only in the field of general medicine have been selected for 
this purpose. The cases have been further grouped according to three 
dosage levels, 5, '7.5, and 10 mg., and, finally, into hypodermic and oral 
administration. This is shown in Taste 1. In the hypodermic group, it 


Taste 1 
Action or METHADONE 
Method of Analgesia Side effects 


eee : z y 
ae eee, None Fair Good Sedation N&V_ Dizzi- Miosis Euphoria Itch- 
ness ing 
IN HOSPITAL PATIENTS: 
5.0 if 15 59 6 1 1 
ee os 5 34 2 
10.0 4 30 2 1 1 
Total of 154 patients; 14 side effects in 11 patients. 
IN AMBULATORY PATIENTS: 
5.0 4 3 10 1 3 1 
Oral* 7.5 2 if 1 1 
10.0 3 12 2 2 4 2 1 


Total of 34 patients; 19 side effects in 13 patients, 


* As tablet, capsule, elixir. 


can be seen that failures occurred only in the 5-mg. dose group. In the 
oral group, failures occurred also in the higher dose level. Although the 
total number of cases is small, it seems justifiable to state that failures 
occur more readily by the oral method of administration. 

The lower incidence of adequate analgesia produced by the oral ad- 
ministration of methadone is probably not peculiar to this drug. The ex- 
perience with oral meperidine on Dr. Cecil Watson’s service at the Uni- 
versity of Minnesota Hospital is that it is an unsatisfactory analgesic, 
The analgesic potency of morphine given orally in man is unknown. A 
theoretical explanation for the unsatisfactory analgesia produced by 
the oral administration of these drugs may be found in the study of 
Ercoli and Lewis.’ These investigators studied the analgesia produced by 
morphine, meperidine, and other analgesics in the rat, using a modified 
Hardy-Wolff apparatus. With meperidine, they found that it required 
an oral dose 3 to 5 times the size of the hypodermic dose to produce 
comparable analgesic effect, whereas with morphine the comparable oral 
analgesic dose was about 40 times the size of the hypodermic analgesic 
dose. One might, therefore, suspect that in man, too, morphine would 
be an unsatisfactory analgesic by mouth. With both morphine and me- 
peridine given to rats orally, Ercoli and Lewis found no satisfactory re- 
lationship between dose and effect. 

Taste | also lists the side effects, which are, for the most part, mild. 
By hypodermic administration, 14 side effects were noted in 11 patients 
out of a total of 154. Orally, 19 side effects were produced in 13 patients 
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out of a total of 34, Thus it can be seen, as others have also observed, 
that side effects are more common following oral administration. Mini- 
mal side effects were also observed by Scott e¢ al., and by Kirchhof and 
David. It is to be noted that, in striking contrast with morphine, meth- 
adone produces sedation only occasionally. For this reason, this action 
of methadone has been grouped with the side effects. 

Bercel, on the other hand, reported, in addition to side effects similar 
to the above, several reactions that were more severe. These were two 
cases of circulatory collapse which in his opinion were due to a sensitiv- 
ity. Both of these patients recovered. A similar type of reaction, as pos- 
sibly being due to methadone, was reported to the writers several months 
ago by Dr. Ben Sommers of St. Paul. He has consented to the following 
inclusion of this case. 


Patient M. L., male, age 54. For the pains of tabes dorsalis, this patient was given 
hypodermic injections of methadone in doses of 10 mg. at 7 p.m., 20 mg. at 9 p.m. 
and 20 mg. at 3 a.m. The pain was relieved. At 10:30 the next morning the patient was 
nauseated, walked with a stumbling gait, was slightly cyanotic, but had and main- 
tained a normal respiratory rate. He gradually became unconscious. At 5 p.m. he was 
admitted to a hospital. At that time, his pulse was 80 and his blood pressure 40/0. De- 
spite vigorous intravenous therapy, the patient made no improvement and died 24 hours 
later. Diagnosis: circulatory shock and cerebral irritation. 

Autopsy findings: Gross cerebral edema; petechia in pericardium; aspiration pneumonia. 


Shortly thereafter, the writers were only mildly surprised to learn of a 
similar type of circulatory shock which followed a dose of morphine. The 
following summary of this case was given to the writers by Dr. C. N. 
McCloud of St. Paul for inclusion in this manuscript. 


Patient I. B., female, age 59, 170 lbs. At 5 a.m. for an acute attack of nausea and vomit- 
ing with pain, patient was given 15 mg. of morphine sulfate by intravenous injection. Be- 
fore the injection bl. pr. was 170/80 mm. Hg, pulse 108 and respiratory rate above normal 
(overbreathing). Patient quickly obtained pain relief and sedation from the morphine. 
Respiration appeared normal. In the afternoon, patient was found comatose, with blood 
pressure 60/0, pulse rate 84, respiration as in normal sleep. Thirty minutes later, in a 
hospital, the blood pressure was 30/0 with a pulse of 90 which was thready. Respiration 
was like that in normal sleep. The Babinski was positive. Patient began to become restless 
so 10 mg. of morphine was given by subcutaneous injection. Extensive intravenous fluid 

“therapy was instituted. During the next few hours, the blood pressure gradually rose to 
90 mm. Hg. During the next two days the blood pressure gradually returned to 160 mm. 
Hg systolic, and consciousness also slowly returned. The neurological diagnosis was cere- 
bral edema. 


Similar circulatory reactions with meperidine have also been observed 
~in the Twin City area of Minnesota, especially in obstetrics. A mild cir- 
culatory collapse following an injection of meperidine occurred on Dr. 
Watson’s service in the University Hospital recently. He has consented 
to our inclusion of the following summary: 


Patient M. L., female, age 35, 193 lbs. On admission bl. pr. 124/78 mm. Hg, pulse 72 per 
minute. 3 p.m. Meperidine 100 mg. hypo given for pain. 3:40 p.m. patient complained of 
feeling queer and that she could not open her mouth. Pulse became thready, rate 48 per 
minute, bl. pr. 90/85. Respiratory rate 16. Skin cold and clammy, lips cyanotic. 4 p.m. 
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0.5 ce. epinephrine HCl hypodermic injection. 500 cc. glucose and saline by vein. 4:45 
p.m. bl. pr. 110/58, pulse 92. 5 p.m. patient feels much better, bl. pr. 102/58, pulse 92, 


9 p.m. blood pressure 106/64. 
Subsequent recovery was uneventful. 


Thus, it appears that evidence of circulatory collapse can be seen 
following the administration of these three analgesics to man. On second 
thought, this is not too surprising. In animals, all of these drugs can be 
shown to produce striking blood pressure falls from which recovery may 
be rather slow. Data on the mechanisms of action of these drugs point 
in a similar direction. Krueger, Eddy, and Sumwalt’ in 1940 stated in 
their monograph on the opium alkaloids that in some instances morphine 
appears to increase parasympathetic activity, or, as other investigators 
have suggested, toinhibit sympathetic activity. Bernheimand Bernheim? 
in 1936 reported that morphine inhibits cholinesterase in the brain of 
animals. It is not unreasonable to suppose that, in some instances, mor- 
phine may increase parasympathetic activity much more than in most 
others and, thus, hypotension could result at times. This action may be 
at least part of the answer to the action of morphine on the bronchi, 
gastro-intestinal tract, and urinary bladder. Constipation has also been 
noted as a side effect in a few patients following methadone. Meperidine 
is commonly thought of as a smooth-muscle depressant. The fact that it 
has a hypotensive effect is in accord with this viewpoint. 

On the other hand, all investigators have not found meperidine to re- 
lax all smooth muscle structures, even in experimental animals. In man, 
a Striking spasm-producing effect, or the lack of an antispasmodic effect, 
was recently reported by Gaensler, McGowan, and Henderson. Fol- 
lowing surgery with T-tube drainage in the biliary tract of man, they 
found that 100 mg. doses of meperidine produced almost as great an 
increase in the pressure within the system as 10 mg. doses of morphine. 
Possibly, again, meperidine can at times be more like morphine in its 
action than we ordinarily think of it at present. Scott, Kohlstaedt, and 
Chen found, in animals, that the effect of methadone on the circulation, 
in its entirety, was more like morphine than like meperidine. Finally, 
Shideman and Johnson," studying all three drugs in the dog, found all 
to be hypotensive, although with repeated injections the responses show 
differences. Evidence is insufficient to indicate whether one of these an- 
algesics in man is more prone to produce hypotension than the others. 
On the basis of the frequency with which hypotension has occurred within 
the writers’ knowledge, the drug most apt to produce this effect is me- 
peridine. 

Another serious untoward reaction that is bound to occur with meth- 
adone is respiratory depression. Such a case has been observed by Dr. 
Harvey O’Phalen of Minneapolis, Minnesota, with whose permission 
the following abstract is included. 


Patient J. R., age 15. Amputation of the leg following a compound fracture. For two 
months postoperatively, the following analgesics were used in acceptable doses 3 to 5 times 
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per day: morphine, codeine, Pantopon, meperidine, and various combinations of these with 
the coal tar analgesics, Upon the suggestion of the writers, methadone was substituted. 
In 2.5 mg. hypodermic doses, adequate analgesia was produced with no side effects. Four 
to five doses per 24 hours were satisfactory. An occasional 5 mg. dose was tried. Doses of 
this size appeared to be unnecessary. One evening, by mistake, the patient was given a 
25 mg. hypodermic injection. Within an hour, his respiratory rate had decreased from 20 
to 11 per minute. Several large cups of strong black coffee were given to the patient. Within 
another hour, his respiratory rate rose to 18 per minute and he was less comatose. He was 
then left alone, went to sleep and slept well throughout the night. His respiratory rate did 
not drop below 18 per minute thereafter. Thirty hours later, the patient asked for another 
analgesic hypodermic and was put back on his usual schedule with methadone. Whether 
this patient had acquired some tolerance to these drugs during 24 months of analgesic 
therapy or whether he was resistant to methadone is not known. Everyone is familiar with 
these effects produced by morphine, especially in overdose. Meperidine, on the other hand, 
in the acceptable dosage range, seems to be less depressant to respiration. From this stand- 
point, it appears to be the safest of the three. 


Several other types of effects and untoward reactions have occasion- 
ally been observed in the University of Minnesota Hospitals, which are 
not included in the above summaries. These effects have occurred, 
chiefly, following the administration of several doses. Similar reactions 
have been reported by other investigators. Examples are given below. 


(1) Patient G. L., female, age 19. Diagnosis: abscess of right incisor tooth, with severe 
pain. 9 p.m., methadone 10 mg.—no analgesia. 1 a.m., methadone 10 mg.—good relief 
for 5-6 hours. 

(2) Patient I. H., female, age 28. Diagnosis: thrombophlebitis, with severe pain. Metha- 
done 5 mg. hypodermic injections at 4 to 5 hour intervals. The first two doses produced no 
analgesia. After the third dose, analgesia was good. Coincident with pain relief, drowsi- 
ness occurred which persisted for more than 24 hours and then disappeared. Good anal- 
gesia with no side effects occurred for nine additional days. Drug was then discontinued. 
Following meperidine, 150 mg. hypodermic injections, this patient obtained much less 
analgesia, but more hypnosis and also nausea; with morphine 10 mg., the analgesia was 
also inferior and mild side effects were common. 

(3) Patient J. M., male, age 55. Diagnosis: hemiplegia with thalamic pain. Methadone 
2.5 mg. capsules at 4 hour intervals for 1 day, then 5 mg. capsules at 4 hour intervals for 
another day. No analgesia produced. Sedation very good. Patient gradually developed 
slurring of speech which progressed almost to a complete aphasia. Meperidine, 150 mg. 
hypodermic injection, no analgesia. Morphine sulfate 15 mg. hypodermic injection gave 
analgesia. Untoward effects were Jacksonian seizures, 

_~ (4) Patient F. U., male, age 67. Diagnosis: painless jaundice. At 5 p.m. patient was given 
a 10 mg. hypodermic injection of levomethadone in preparation for peritoneoscopy. One- 
half hour later patient developed euphoria and disorientation, and could not speak easily. 
Pupils were constricted. Slept well all night. The next morning, he still showed euphoria. 
No other effects noted. 


These cases necessitate a consideration of mechanism of action and 
~ comparison with other analgesics for adequate appraisal. The result ob- 
tained in Case 1 has been repeated not infrequently. This effect could 
be due to lack of absorption following the first dose or to a certain cumu- 
lation, which might be necessary in this particular individual in order to 
obtain the desired action. In other words, a certain level or concentra- 
tion of drug in the area of the central nervous system essential for per- 
ception of pain may be necessary. This type of reaction (no analgesia fol- 
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lowing the first dose, good analgesia following the second and subse- 
quent doses) has been observed repeatedly with hypodermic injections 
of morphine. Under these circumstances, it would appear impossible to 
indict either drug. A similar explanation might be justified in interpret- 
ing Case 2. In this case, the increase in action with repeated doses also 
involved the production of a temporary sedation. This case also illus- 
trates the comparative effects of three analgesics. In patient 3, compara- 
tive analgesic effects are again shown. Thistype ofresponse to methadone, 
i.e., severe nervous system side effects, undoubtedly is to be associated 
with the degree of brain injury due to the disease. A similar explanation 
may be used to explain the lack of respiratory depression of methadone, 
compared to that of other narcotics and barbiturates in bulbar and 
spinal poliomyelitis, as was reported by Troxil. Altogether too little is 
known of the relative depressant effects of barbiturates and the mor- 
phine type of analgesics in patients with brain injury. Patient 4 illus- 
trates a type of untoward reaction seen not uncommonly in patients 
with liver disease. Dr. Cecil Watson has, likewise, seen severe untoward 
reactions with morphine. As a result, it is his opinion that morphine is 
contra-indicated in acute liver disease of this type. This patient was 
given levomethadone with the hope that it would be tolerated more satis- 
factorily than morphine. That appears not to be the case. Whether these 
reactions to morphine and methadone are associated with the lack of 
ability to detoxify or change these drugs in certain liver diseases is un- 
known. Certainly, it should be further investigated. From the stand- 
point of this group of untoward effects and the hoped-for analgesia, it 
would seem that there is no fundamental difference between any of the 
three analgesics, morphine, meperidine, and methadone. Considerable 
work, both experimental and clinical, is necessary to determine whether 
one is safer or another more toxic in patients who have serious pathol- 
ogy in one or more vital organs. 

A study of methadone derivatives has also been instituted. Because 
the possible dosage level of these derivatives is very much alike, or iden- 
tical, these drugs have been taken over to the University Hospital la- 
beled Methadone A, Methadone B, Methadone C, etc. The clinical staff 
members order these drugs and one of us (Dr. Hirsh) observes the pa- 
tients. Racemic methadone has also been included. In this way, & mini- 
mum amount of bias will creep into the determination of indications 
and interpretation of side effects. The data obtained to date are de- 
cidedly a preliminary report and should be observed from that stand- 
point. Taste 2 shows a summary for each drug. The number of cases is 
insufficient to divide them according to 5, '7.5, and 10 mg. doses. All of 
the patients were hospitalized and all received the analgesics by hypo- 
dermic injection. It is to be noted that—with a limited number of cases 
—there appears to be no striking difference to date between methadone, 
levomethadone, and levo-iso-methadone. The drug, K4'710V (10720), 
does, however, appear to differ from the above three. Sedation with this 
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TaBLe 2 


Action or MrTHADONE AND DERIVATIVES 


Drug, | Analgesia Sedation Side Effects 
hypodermic 5 GSES ES Se 
administration, None Fair Good None Good NE&V Dizziness 
5, 7.5,and 10 mg. 
Methadone* 3 1 13 15 1 2 1 (in 3 patients) 
I-Methadonet 2 24 23 2 3 (in 6 patients) 
l-iso-Methadonet Q 3 12 13 4 1 1 (in 6 patients) 
K4710V$§ (10720) 2 22 a: 16 3 4 (in 4 patients) 


The drugs were generously supplied by the following pharmaceutical concerns: * Eli Lilly and 
Company; Winthrop-Stearns Inc. +t Abbott Laboratories; Winthrop-Stearns Inc. { Winthrop-Stearns 
Inc. § Winthrop-Stearns Inc. 
drug is far more common and, as a result, this effect has been taken out of 
the “side effect” group and placed beside analgesia. In this respect, this 
drug is more like morphine and meperidine than the others. It should be 
noted that patients who want sedation as well as analgesia prefer this 
drug to the members of the methadone group. Not all patients, however, 
have this preference for sedation. In this group of patients, it was noted 
that two patients out of a total of seventeen receiving levo-iso-methadone 
obtained no analgesia until after the second dose had been administered. 
Then all of them reported that the analgesia was better than that from 
any other previously used drug. 

Again it is emphasized that these data on the methadone derivatives 
are preliminary. It is hoped to continue this type of study for a year or 
more. 


Summary 

1. Methadone has been shown by a number of investigators to be a po- 
tent analgesic for the control of pain in internal medicine. 

2. Whether its analgesic action is superior or inferior to that of mor- 
phine and/or meperidine remains to be proven. 

3. From the standpoint of preference on the part of some patients and 
its ability to produce analgesia when other drugs fail in other pa- 
tients, it has earned a place in human therapy. 

4, Unlike morphine and meperidine, it is devoid of consistent hypnotic 
effects. 

5. Untoward reactions have been observed following its use by all in- 
vestigators in clinical studies. These reactions are again like those 
following morphine and meperidine. 

6. The relative danger of these three analgesics from the standpoint of 
untoward reactions is unknown. 

7 Instances of possible severe untoward reactions in man following the 
administration of each of the three analgesics have been reported. 

8. Levomethadone, levo-iso-methadone, and K4710V (10720) have also 
been shown to be good analgesics in man. 
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USE OF NEW 
SYNTHETIC ANALGESICS IN SURGERY 


By E. A. ROVENSTINE 
Divisions of Anesthesia, New York University College 
of Medicine and Bellevue Hospital, New York, N. Y. 


3 aap have a role in surgery that encompasses more than re- 
ducing the sensibility to pain. They serve two important purposes. 
This duality is expressed in their utilization to provide safer, less dis- 
agreeable anesthesia. They are effective also in alleviating discomfort be- 
fore and after surgical manipulations. In the former instance, analgesics 
are among the rather extensive group of drugs that are employed for 
pre-anesthetic medication. 

Pre-anesthetic medication is a descriptive term indicating drugs used 
in the period immediately before an anesthetic agent is administered. In 
general usage, it identifies the drug, or drugs, given hypodermically 
shortly before the patient leaves his hospital bed for the operating room. 
It is almost a tradition in the majority of hospitals that this “hypo” con- 
tain morphine and a belladonna derivative, atropine or scopolamine. A 
broader interpretation of the term, pre-anesthetic medication, includes 
a wider list of drugs and many diverse purposes. It is the preparation of 
the patient for anesthesia and surgery. This may be a hypnotic to insure 
a restful sleep the night before operation, it may mean insulin and glu- 
cose to fortify the diabetic, quinadine for the patient with heart disease, 
or any of a number of drugs that mitigate against anticipated complica- 
tion during anesthesia and surgery. Pre-anesthetic medication is given 
in an attempt to make “the patient safe for anesthesia.” Its importance 
should not be minimized or subjugated to attempts to make “anesthesia 
safe for the patient.” 

For the purpose of this discussion, the two most needed effects from 
pre-anesthetic medication will be considered. These are, to reduce the 
amount of anesthetic agent required to produce the optimal degree of 
narcosis for the proposed operation, and to protect the patient from 
mental discomfort in the immediate pre-operative period. Among the 
new synthetic analgesics, only Demerol has been found to be especially 
useful as a pre-anesthetic drug for these purposes. Methadone appears 
to be without the euphoric and sedative action necessary to alleviate pre- 

“operative apprehension. 

Demerol has been tested widely as a substitute for the opiates given 
in the pre-anesthetic period. Such substitution has long been desired 
since the opiates have many untoward reactions interfering with the 
anesthetic regime and convalescence. It has not followed that. Demerol 
meets all the requirements as a pre-anesthetic drug. In the doses con- 
sidered safe, many active young adult patients will not reach the surgi- 
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cal amphitheater in a fearless, confident psychic state. With the opiates 
given properly, this is less frequently the case. The most favorable pa- 
tients for Demerol premedication are the elderly and those for whom 
the opiates are withheld. This group is steadily increasing in numbers 
and includes patients who might suffer severe consequence from respir- 
atory or circulatory depression, urinary dysfunction, or profound hyp- 
nosis. 

It has been the clinical observation that Demerol serves to decrease 
the amount of drug needed for anesthesia. Although this observation 
has not been confirmed by controlled experiment in man, it was found in 
our laboratories that it was true for the dog. The amount of cyclopropane 
in arterial blood was reduced from one-third to one-half that required 
for a given plane of anesthesia after the dog had received 10 mg./kg. of 
Demerol. Similarly, the quantity of ether needed was decreased some 
25 per cent, and the anesthesia time after a given dose of intravenous 
pentothal was prolonged more than 100 per cent. These results with 
Demerol compare favorably with those observed when the opiates are 
used. This despite the fact that morphine is the drug par excellence for 
reducing metabolic activity. It has been the contention, since 1869, when 
the French physiologist Claude Bernard demonstrated the value of sed- 
ative drugs for pre-anesthetic medication, that less anesthetic agent was 
required as general metabolism was progressively depressed and reflex 
irritability further obtunded. Since Demerol is inferior to morphine in 
reducing metabolism, other factors must have an important bearing on 
the results. 

When pre-operative pain is present, it is usually controlled by Dem- 
erol in appropriate doses. The analgesic effect, however, is not so constant 
and of shorter duration than may be had with morphine in the amounts 
regularly given. 

When Demerol is given parenterally in doses of 100 mg. approximately 
one hour before induction of anesthesia, about one-half of the patients 
in good physical condition in the 20 to 60 year age group will reach the 
operating room calm and without evidence of emotional disturbance, 
but with an alertness permitting response to ordinary conversational 
questions. This represents the optimal effect from such medication. The 
percentage of sAtisfactory responses to the same amount of drug in- 
creases to some 75 per cent if scopolamine is combined with it. In the 
older patients, more than 50 mg. is seldom advised because of the danger 
from respiratory and circulatory depression. The drug is somewhat more 
efficacious in the old-age group and is usually used without adding a 
belladonna derivative. The use of Demerol orally has not given good re- 
sults for pre-anesthetic medication. 

The second role of the analgesics in surgery is concerned with the con- 
trol of postoperative pain. There is no chapter in surgical history which 
tells a less inspiring story than the one on the progress in making the pa- 
tient comfortable after operation. The practice of writing orders for the 
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inevitable “MS } q 4 hrs. or PRN”’* prevailed through many surgical 
years. Such orders were usually written in the operating room before the 
patient had fully recovered from anesthesia or reached his bed. Re- 
cently, there has been a scientific effort to eliminate this empirical rou- 
tine. These efforts have resulted from the tardy realization by those en- 
trusted with postoperative care that sedatives and analgesics interfere 
with convalescence, and increase nursing attention and hospitalization. 
Moreover, their role in surgical morbidity and mortality may be of con- 
siderable magnitude. A better understanding of pain mechanisms, and 
the introduction of new drugs and procedures to alleviate pain and dis- 
comfort, have increased recently the efforts to keep patients comfortable 
without large amounts of depressing drugs. The value of permitting the 
patient to utilize his natural defenses against impending complications 
is recognized. Changes in position, breathing exercises, coughing, fre- 
quent exercises, and even early ambulation have served to reduce mor- 
bidity and mortality. A more careful use of sedative and analgesic drugs 
has been the result. Postoperative pain therapy has emerged upon a 
more rational basis. The early empiricism is being discarded rapidly and 
a sound scientific rationale is being adopted. 

Demerol has been used rather extensively in Bellevue Hospital as a 
postoperative analgesic. When the need for such medication is deter- 
mined, and it is far from routine, the parenteral use of Demerol is sug- 
gested. It has the advantage over morphine of rarely producing re- 
spiratory depression, of being antispasmodic, and interfering little with 
the cough reflex. It is given in doses of 50 to 100 mg., and in such amounts 
may be effective for 2 to 3 hours. When the drug is given orally, it is 
much less effective and is rarely chosen over other mild analgesics. The 
side effects from Demerol include vertigo, nausea, emesis, and syncope, 
but with rather a low incidence compared with morphine. Circulatory 
depression and a decrease in respiratory rate may follow larger doses 
and the drug is used more cautiously for aged individuals. It is not often 
given to children. 

The effectiveness of the synthetic analgesic methadone on postopera- 
tive pain has been investigated briefly by Batterman and his associates 
in Bellevue Hospital. The drug was administered in one dose of 2:5 to 
20.0 mg., or similar doses, repeated several times daily. More than 2,000 ' 
parenteral and as many oral doses were given. It was the impression that 
methadone is a useful drug for controlling pain following surgery. It is 
not recommended for prolonged use in elderly patients, since they may 

“more often develop untoward reactions such as anorexia, nausea, vomit- 
ing and dizziness, and with continued use more serious mental confusion 
and toxic psychoses have been observed. Methadone seems most effective 
in 10-mg. doses given hypodermically. Severe postoperative pain 1s 
readily controlled in a high percentage of patients with this amount. 
The side effects from methadone are minimal, and its sedative and eu- 


* Morphine } grain every 4 hours, or as needed. 
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phoric action is less marked than from other potent analgesics. When 
given orally, the elixir proved most useful and the favored dose was 5 mg. 


The drug is usually effective for three or more hours, depending on the 


severity of pain. The experience accumulated to date is not comprehen- 
sive and does not warrant an effort to assign a definite role for metha- 
done in controlling postoperative pain. It is altogether likely that it will 
not be a substitute for morphine since it is not yet proven superior to it 
Like Demerol, it may find its place in selected types of pain following 
surgery where it can be carefully individualized for the patient. 

Tridione, now used for its anticonvulsant action, was first investi- 
gated as an analgesic. Its analgesic properties are well established, al- 
though it is not to be compared to the new synthetic drugs already dis- 
cussed, or with the opiates. Its effective action is less predictable. The 
drug, given intramuscularly in doses of 10 cc. of 10 per cent solution, is 
practically free of side effects other than sedation. It is not useful when 
pain is severe and its mild analgesic action from the dose cited is scarcely 
of more than 2 hours’ duration. It has none of the euphoric properties 
characteristic of morphine analgesia. Its usefulness as an analgesic when 
given orally for postoperative pain is slight. Its limitations and indica- 
tions are as yet undetermined. 

This discussion would not be complete without mention of intravenous 
procaine. Procaine is not a new drug, but it is only recently that it has 
been widely used for analgesia by intravenous administration. The en- 
thusiasm that has accompanied this use has its basis in clinical observa- 
tions. To date, there is no agreement as to how its analgesic action is 
accomplished. The site of action is not determined experimentally. It 
is obvious that the more spectacular results have been with the control 
of pain associated with trauma. Patients with burns, fractures, sprains, 
and those with pain at the site of surgical manipulations are more reg- 
ularly benefited from intravenous procaine. This observation suggested 
that analgesia follows the extravasation of procaine through damaged 
capillaries where it reaches nerve endings in the perivascular areas at 
the site of injury. The rapid hydrolysis of procaine is contrary to this 
concept. It has been suggested, also, that the central effect produced by 
procaine was responsible for the analgesia. It has been determined by 
the Hardy-Wolff-Goodell technique that the pain threshold is elevated 
in patients having received large subcutaneous doses of procaine, an 
elevation more prolonged than the duration of local tissue analgesia. 
Using a similar technique, it was determined in our laboratory that one 
gram of procaine given intravenously, as used clinically to control pain, 
failed to raise the pain threshold as much as a therapeutic dose of ac- 
etyl-salicylic acid. This is not in keeping with the analgesic action ob- 
served and throws doubt on the importance of the pain.threshold as a 
modality for evaluating analgesic drugs, or points to another mecha- 
nism to explain the results with procaine. 

Since the whole problem seemed confused, an investigation was un- 
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dertaken in our laboratories and clinics to clarify the pharmacology of 
procaine and the products of its hydrolysis, diethylamino-ethanol, and 
para-aminobenzoic acid. Brodie and his associates devised chemical 
methods for identification of these substances. With these procedures it 
was demonstrated that, in man, procaine is rapidly hydrolyzed to the 
alcohol and acid after intravenous injection. They learned further that 
urinary excretion of injected procaine is negligible, but that 75 to 95 per 
cent of the predicted para-aminobenzoic acid injected in procaine is ex- 
creted unaltered in the urine. This was in contrast to the 20 to 35 per 
cent of the predicted amount of diethylamino-ethanol which could be 
isolated from urine. It was obvious, then, that the diethylamino-ethanol 
product of the hydrolysis of procaine is further metabolized én vivo in a 
manner not yet determined. This, and the fact that procaine persists in 
plasma for a much shorter time than diethylamino-ethanol, suggests 
that the latter drug may be the pharmacologically active agent rather 
than the parent drug. 

It was logical, then, to prepare diethylamino-ethanol for oral, intra- 
muscular, and intravenous use, and study its toxicological and pharma- 
cological action. Emphasis was given to experiments leading to an evalu- 
ation of its possible analgesic effects. Such a study is now in progress. 
Initially, it is being used to control postoperative pain. 

Diethylamino-ethanol produces no obvious toxic effects in man even 
when large doses are given. This is in sharp contrast to procaine, where 
the most serious criticism of its use intravenously is the frequency of 
toxic reactions. Also, there are some definite indications that diethyl- 
amino-ethanol is effective as an analgesic when given orally or intra- 
muscularly. 

The difficulties of evaluating analgesia in the postoperative period 
are readily appreciated, and it is realized that many observations need 
to be completed to reach conclusions. The experiments with diethyl- 
amino-ethanol completed here are still in the preliminary observation 
stage. The results merely suggest methods of further study and lead to 
early impressions. 

“After completing toxicology studies in animals and man (to be re- 
ported elsewhere) and determining doses probably effective, the initial 
studies on its analgesic properties were instituted. These included the 
administration of large amounts of the drug, 4 to 5 grams, in an infusion 
during surgery. The patient, surgeon or nursing staff were not informed 
that the drug had been given. Patients undergoing operative procedures 
that are regularly accompanied by postoperative pain of a severity re- 
quiring potent analgesics were selected. Morphine and other analgesic 
drugs were withheld postoperatively unless there was a complaint of 
pain by the patient. Other patients submitting to similar operations 
were given saline infusions only, and some were given 1 or 2 grams of 
procaine intravenously. No toxic symptoms have been noted follow- 
ing the administration of 4 grams of diethylamino-ethanol during this 
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study. The analgesic effects appear to surpass those observed with pro- 
caine. Two-thirds of patients so treated need no analgesic drug during 
the 24 hours following surgery. Because of the limited supply of the drug 
as yet available, continuous treatment has not been studied carefully. 
There are, however, several isolated instances where diethylamino- 
ethanol was given intravenously to unanesthetized patients in a single 
dose. A favorable analgesic effect was noted in a high percentage of pa- 
tients and suggested a constant favorable response. In any event, the 
results obtained with diethylamino-ethanol, especially because of its rel- 
ative absence of toxicity, make it mandatory to complete further studies. 


USE OF THE NEW 
SYNTHETIC ANALGESICS IN OBSTETRICS 


By BERT B. HERSHENSON 
The Boston Lying-in Hospital, Boston, Massachusetts 


‘| Baes purposes of this paper are three-fold: (7) to consider some of 
the essential principles basic to the clinical practice of obstetrical 
umnesia, analgesia, and anesthesia; (2) to present some experiences 
shat we, at the Boston Lying-in Hospital, have had in trying to solve 
shese problems; and finally (3) to record a brief report on our current 
ise of Demerol. ; 


Essential Principles Fundamental to Good Practice} 

The first and foremost principle is to give consideration to the welfare 
and safety of both mother and baby. Experimentation with new drugs 
mn. humans is a dangerous procedure and should not be undertaken in 
bstetrics unless the clinical team includes an anesthesiologist. I have no 
90ne of contention with those humanitarians who seek to discover safer 
nethods of providing pain-relief for the woman in labor. However, the 
smphasis should properly be placed on the knowledge, experience, skill, 
judgment, and attention of the members of the obstetrical team, rather 
than on the agent or technique employed. 

The problem of fear and apprehension on the part of the prospective 
nother entering the hospital labor room should be met early. The psychic 
component is an important factor in intensifying pain-perception, as 
well as increasing pain-reactivity. The character of the environment, as 
well as the personalities of the obstetrician, anesthesiologist, and their 
-0-workers, vitally influences this psychic component. A good principle 
(0 apply in the labor room is to put into practice some of the freedoms, 
.e., freedom from fear, freedom from apprehension, freedom from noise 
wnd careless chatter. This practice will go a long way toward producing 
she desirable pharmacological effects in accomplishing freedom from 
sain. Therefore, an essential principle is to effect maternal psychic seda- 
‘ion and amnesia, for the period of labor and delivery, consistent with 
safe clinical practice. 

The pharmacological agents selected should permit the mother to 
est quietly and peacefully between her uterine contractions and thus 
sonserve her functional reserves. The amnesic and analgesic drugs se- 
ected should effect obtundation of the sensory phenomenon of pain. 
Some objective evidences of such therapeutic effectiveness are quiet re- 
iction patterns, peaceful facial expressions of each mother, along with 
naintenance of a quiet, efficiently functioning labor room. The other 
specific sensory effects are relatively inaccessible to quantitative anal- 
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ysis. From a broad aspect, the analgesics are compounds which ex- 
hibit no similarity in chemical structure to each other, have nothing in 
common with regard to pharmacological action, and produce their ef- 
fects through actions on different structures. Saee 

On the physiological side, we are dealing with two individuals, simul- 
taneously, in whom reflex irritability is practically at opposite poles. On 
the one hand is the mother with increased reflex irritability, and on the 
other hand, the unborn child with reflex irritability at its lowest during 
the life-span. In addition, there are modifying factors which influence 
the patient’s tolerance to the analgesics, e.g., variations in sthenicity, 
nutritional state, efficiency of detoxifying mechanisms and organs of 
elimination, presence of increased thyroid activity, and others. Also, in 
the case of the unborn, there are factors of another order operating, as 
a state of immaturity or post-maturity, interferences with its life-line 
in utero, and others. 

The objective of obstetrical amnesia and analgesia is not the attain- 
ment of complete comfort for all mothers. If this were so, then some 
mothers would have to be sacrificed due to extremes of drug depression. 
The complete individualization of selection of drug, dosage, and route 
of administration is the only path to safety. The state and duration of 
amnesia and analgesia sought for in the obstetrical patient must be 
differentiated from the degree of analgesia desired for the medical or 
surgical patient. In the case of the obstetrical patient, the level of drug 
depression reached is usually below the first stage where responsibility 
for drug administration must be assumed, not by the patient, but by 
the members of the obstetrical team. 

The techniques employed for administration of the amnesic and 
analgesic agents should permit of controllability, yet be rapidly and 
pleasantly effective. The duration of desired clinical effect should be 
sufficiently predictable to offer the mother a pleasant induction and 
emergence. During and subsequent to maintenance, the amnesics and 
analgesics employed should be devoid of discomfort or hazards to both 
mother and baby. 

The drugs, including the newer synthetics, should be non-toxic to 
both mother and baby. These agents should have received careful study 
in the experimental field on many and varied species of animals to de- 
termine lack of toxicity effects, before being applied to medical and sur- 
gical cases. Furthermore, only such drugs proven free of toxicity and 
serious undesirable effects experimentally should be exposed to ex- 
tended clinical experience in the non-obstetrical clinical fields. Only 
then should these drugs be exposed to clinical obstetrical investigation 
in various dosage relationships, and by various routes of administration. 
In any case, we must preclude the acceptance of amnesics and analgesics 
which involve dangers of toxic, irritating, or undesirable effects dispro- 
portionate to their therapeutic value. 

The observations reported from clinical obstetrical investigation must 
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include sufficient details to permit verification. Mere multiplication of 
inaccurate observations does not in any way render them accurate. The 
_ eredibility of the data and the justification of the deductions are neces- 
sarily influenced by the experience of the investigators, their reputation 
_ as to disinterestedness, technical ability, and critical judgment. 

The drug, or drug combination employed should be safe enough to per- 
mit the obstetrician to practice a conservative policy in the conduct of 
- labor. Complicating symptoms, incident to the use of amnesic and an- 
algesic drugs, during the intra-partum and post-partum periods, should 
be few and preferably absent. The modification of reactivity of the 
mother by the use of analgesics must not be so great as to sacrifice sane 
and safe obstetrical practice. 

The newer synthetic analgesics should meet the requirements of the 
anesthesiologist. He must be able to meet the needs of mother, baby, 
obstetrician, and labor-room personnel. The newer synthetics should 
possess a reasonably wide margin of safety in providing satisfactory 
amnesia and analgesia, regardless of the gestational age or age of vi- 
ability of the fetus. It is being realized that heavy basal narcosis for the 
mother may be detrimental to her unborn child. The drugs, including 
the newer synthetics, should be able to reduce reflex irritability of the 
mother without essentially diminishing fetal reflex irritability. The newer 
synthetic analgesics should not more deeply depress the vital functions 
of respiration and circulation, maternal and fetal, than the desired clin- 
ical state of reflex obtundation sought for. The minute-volume pulmo- 
nary ventilation should not be decreased as a concomitant effect in the 
use of drugs for pain-relief in labor. Depression of this order necessarily 
leads to hypoxia. Too much emphasis cannot be placed on the fact that 
the most potent depressant of cell activity is the induction of oxygen- 
want. Furthermore, not only central but also peripheral reflexes that 
play an important part in respiratory control should not be depressed 
because of the use of synthetic analgesics. Increased fetal movements in 
utero, marked change in fetal heart rate, or the appearance of meconium 
in the maternal birth-canal should never be caused by the use of anal- 
gesic agents for maternal comfort. Should the analgesic agent be estab- 
lished as a cause for such depression of fetal vital functions, then that 
agent had best be avoided in obstetrical practice. Ensuing complica- 
tions of this order may well lead to increased obstetrical operative fre- 
quency, as well as other forms of avoidable meddlesome obstetrical prac- 

tices. 
' The newer synthetic analgesics, ideally, should be retained on the 
maternal side of the tenable utero-placental barrier. These agents should 
not cause imbalance of reflex mechanisms associated with the auto- 
nomic nervous system. However, they should selectively depress the 
serous salivary and mucus secretory functions of the respiratory tract 
without altering its ciliary function. They should not induce nausea or 
emesis, nor cause depression of the cough reflex. The drugs should not 
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alter uterine functions. They should be devoid of inducing spasm of 
smooth muscle, e.g., they should not cause prolonged spasticity of uter- 


ine muscle. This action not only potentiates maternal pain but consti- | 


tutes a threat to the life of the fetus. : 

Periodic, intermittent use of the synthetics during the period of 
labor, é.¢., for approximately 24 hours, should not result in cumulation, 
should be free of tolerance-effect, and should not lead to addiction. 
These agents must be sufficiently predictable in safe effects so that ad- 
ministration is possible to all patients of the child-bearing period. This 
includes such factors as variations of gestational age and the presence 
of compicating disease-processes without fear of eliciting or potentiat- 
ing untoward responses. ; 

The newer synthetic analgesics and amnesics should permit exact con- 
trol of the selected dose and administration by any desired route. When 
administered parenterally, reasonably satisfactory obstetrical amnesia 
and analgesia should be predictable in at least 90 per cent of the cases, 
This must be accomplished without obtunding the natural forces and 
protective mechanisms of labor. 

It is desirable that these agents should possess the capacity of pre- 
venting toxic reactions when solid analgesic regional agents are used to 
complete the delivery. If inhalational agents are used for the latter pur- 
pose, these newer synthetic agents should permit controllable mainte- 
nance of the desired depth of narcosis without increasing the hazard of 
neonatal apnea. 

The drugs selected for obstetrical amnesia and analgesia should be 
stable when in solution, and remain unchanged both chemically and 
physically during storage. The solutions of such drugs should be non- 
irritating when administered by injection, and free from allergic re- 
sponses. They should be comparatively inexpensive and readily available. 
The aqueous solution of the drug should have constancy of action and 
predictability of reproducible effects. The newer synthetics should pos- 
sess greater analgesic potency, amnesic effectiveness, but less toxic 
effects and fewer undesirable side-reactions with a greater margin of 
safety than other known available agents. 

It becomes clear that the ideal agent, or combination of agents, is not 
available to meet all the requirements necessary for safe, controllable, 
and effective obstetrical amnesia and analgesia. There is a definite need 
for the development of new superior agents for the field of obstetrical 
amnesia and analgesia, The laboratory findings on several species of 
these newer synthetics must be known, and such data will be very help- 
ful. But the evaluation of these newer agents by several experienced ob- 
servers in the non-obstetrical clinical fields is even more essential. How- 
ever, it must be emphasized that safety in this field of therapeutics rests 
on the knowledge, experience, judgment, and attention of the members 
of the obstetrical team rather than on the drug or combination of agents. 


| 
| 
| 
' 
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Experiences in Solving These. Problems at the 
Boston Lying-in Hospital 

Our experience at the Boston Lying-in Hospital in trying to provide 
for safe pain-relief for the obstetrical patient goes back over a century— 
as a matter of fact, to the year 1847. Our practice is limited to the use 
of inpatients of the hospital, and not in domiciliary practice, nor for the 
ambulatory patient seen in the ante-partum clinics of the hospital. It is 

worth noting that the first obstetrical operation under anesthesia in 
America was performed by Doctor Walter Channing on May 5, 1847, 
at the Boston Lying-in Hospital. Dr. Channing’s book,? 4 Treatise on 
Etherization in Childbirth, published in 1848, is now a classic. As he said, 
“It treats of a noble subject, the remedy of pain.” Today we are dem- 
onstrating that this is still a subject deserving of our careful considera- 
tion. 

We, at the Boston Lying-in Hospital, have been through various de- 
velopmental phases since Channing’s day. We have employed chloro- 
form @ la reine, intermittent nitrous oxide through long hours of vigil, 
twilight sleep, and various regional anesthetic procedures. About 20 
years ago, Dr. Frederick Irving, our emeritus chief, explored the possi- 
bilities of the barbiturates, particularly for the stage of painful uterine 
contractions associated with dilatation and taking up of the cervix. This 
period may last for hours. Following this experience with barbiturates 
and scopolamine, paraldehyde, ether-in-oil, and other agents were ex- 
plored to meet some of the undesirable reactions of the former. 

The present Chief of the Boston Lying-in Hospital and Professor of 
Obstetrics at the Harvard Medical School, is Dr. Duncan E. Reid. He 
is carrying on this same noble tradition of taking all steps consistent 
with safe practice, so that every woman may bear her baby with a mini- 
mum of pain. To strive for safer practices of obstetrical amnesia, anal- 
gesia, and anesthesia is a challenge and responsibility all serious-minded 
physicians must recognize. 

We have been impressed with the fact that our most successful meth- 
ods have included the use of scopolamine. Its advantages and disad- 
vantages may help point the direction for future exploration of newer syn- 
thetic agents that would find a wider application in obstetrical practice. 

We believe scopolamine possesses the following advantages: 


(1) It is the best amnesic agent available. 
_ (2) Clinically, it produces psychic sedation with its accompanying re- 
lief of apprehension and anxiety, along with dreamless sleep. 
(3) It produces dryness of mucous membranes of the respiratory tract, 
often to a degree better than that produced by atropine and the 
‘ newer available synthetics. A dry, unobstructed respiratory tract 
needs no emphasis here. on 
(4) It can relieve bronchospasm and laryngospasm under certain cir- 
cumstances. 
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(5) It has the capacity of preventing some of the untoward physiologi- _ 


calreactions, e.g.,the vagal type of carotid sinus syndrome (brady- 
cardia, lowered arterial tension, and decreased pulse pressure). 

(6) It may increase maternal respiration. 

(7) It is more effective than atropine in combating respiratory depres- 
sion produced by the more potent centrally acting narcotics. 

(8) Clinically, we have observed no ill-effects on fetal or neonatal func- 
tions. 

(9) It possesses a reasonably wide margin of safety. 

(10) Scopolamine can be administered by any route. The duration of its 

desirable clinical effects in obstetrics is about two hours. 


We have found its chief disadvantages in obstetrics to be: 


(1) Its lack of sufficient analgesic potency. It has an effective psychologi- 
cal component in removing the fear-element, yet it lacks sufficient 
subcortical “blocking” effect at the lower integrating levels for 

ain. 

(2) It aoe undesirable side reactions of excitement and muscular 
overactivity. 

(3) It may produce some other less frequent undesirable side effects, 
e.g., edema of eyelids, lips, or uvula. 


Can a drug be synthesized that possesses the ‘advantages of scopola- 
mine and yet lacks its disadvantages? Until such time, other drugs, in- 
cluding some of the newer synthetic analgesics, deserve careful explora- 
tion in the field of clinical obstetrics. 

Recently, we have been limiting the barbiturates to the early period 
of labor for their hypnotic effect. As labor progresses, we have employed 
quite successfully the combination of scopolamine and apomorphine. 
The apomorphine is administered in subemetic doses to counteract some 
of the undesirable effects of scopolamine. It possesses some degree of 
potentiating the analgesic factor of scopolamine and helps considerably 
to maintain a quiet, efficiently functioning labor room. Thus far, in our 
hands, this approach has been the best solution to the problem from 
both the maternal and fetal standpoints of safety. In our apomorphine 
series,’ only 6 per cent of our newborns required resuscitative measures 
of some sort, and of this group but 1 per cent required early active re- 
suscitative measures. All responded readily and maintained a desirable 
state of reflex irritability. In this same series, over 90 per cent of the 
mothers had satisfactory amnesia-analgesia and the labor room was quiet 
and peaceful on an active service. 

We are now in search of a drug which will retain the merits of sub- 
emetic doses of apomorphine but increase the analgesic effect of scopol- 
amine without diminishing the safety for mother and baby. At present, 
we have selected Demerol for study. Of all the newer synthetic analge- 
sics more is known, probably, about the actions of Demerol and, further 
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more, we have had some little experience with this drug. In a previous 
study* reported from the Boston Lying-in Hospital, it was noted that 
successful amnesia-analgesia occurred in about 70 per cent of the moth- 
ers. In this same series with Demerol, about 16 per cent of the newborns 
‘required active resuscitative measures at birth. Of this group, more 
than 3 per cent required immediate active resuscitative measures. But 
what is more important is the fact that an even larger group of new- 
borns failed to maintain satisfactory reflex irritability even though ade- 
quate resuscitative measures were instituted early. 


Brief Report on Current Use of Demerol 

- At present, our efforts are directed at exploring the possible merits of 
much smaller dosages of Demerol than heretofore reported. The present 
study consists of approximately 100 unselected primiparous patients at 
the same hospital. A test group were tried on 10-milligram doses with 
each two-hour administration of scopolamine, adding further 10-milli- 
gram intermediate doses of Demerol as indicated. This procedure re- 
sulted in improved reflex irritability of the newborn but with a much 
higher incidence of restlessness and excitement of mothers, poorer am- 
nesia-analgesia, and a less quiet labor room. 

More recently, we have been employing Demerol in 20-milligram doses 
with each administration of scopolamine, along with intermediate doses 
of Demerol in 20-milligram units as indicated. I must repeat that this is 
a report of work in progress, and the first consideration is safety fo 
mother and baby. The facts in this study are as follows: ' 


(1) 47 per cent of the mothers had absolute amnesia. 43 per cent 
vaguely remembered some isolated incident. Consequently, satis- 
factory amnesia occurred in 90 per cent of the mothers. In this 
current series, 10 per cent of mothers failed to have amnesia. It 
must be emphasized that, in all our studies, the main objective 
is to produce satisfactory amnesia so that the patient has no 
memory of events from the time of administration of the drugs 
until she is awake in bed in the ward, i.e., so that there is no mem- 
ory whatever of labor. Of course, this is an affair for the hospital 
and not for home deliveries. 

The medication is usually started in these primiparous pa- 
tients when the cervix reaches 2 fingers dilatation and uterine, 
contractions are recurring every 3-5 minutes and are of 40-45 
seconds’ duration. 

(2) Excitement occurred in 45 per cent of this series of mothers. The 
labor room is definitely not as quiet as with the apomorphine- 
scopolamine series. What is even more important, the individual 
mother is less apt to mobilize her expulsive efforts as effectively 
as the similar amnesic-analgesic mother does under the effects of 


scopolamine-apomorphine. 
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(3) Emesis occurred in 13 per cent of this series. No other undesirable 


side effects were noted. There was no characteristic influence on | 


maternal vital functions, i.e., on respiration, pulse rate, or blood 
pressure. There was no characteristic effect on uterine rhythm, 
rate, or force of contraction. 


(4) The average length of labor was 11.4 hours. This is about the same 


| 
| 
| 
| 
| 


duration as with the scopolamine-apomorphine series. Inciden- 


tally, the extremes in the present series varied from 1 to 43 hours. 


In our experience, the average unpremedicated primiparous pa- | 
tient requires about 16 hours. The mothers in this series varied _ 


in age from 16 years to 34 years. Most of the cases were in the 


early half of their third decade of life. Their gestational age | 


varied from 36 to 48} weeks; the largest group were of 4042 
weeks. Their weights varied from 116 to 211 lbs. and their heights 


from 51 to 68-+- inches. Other factors influencing maternal reflex | 


irritability varied correspondingly. 

(5) The blood loss was normal, i.e., under 200 cc. in 87 per cent of the 
cases. 8.6 per cent of the cases had moderate hemorrhage and 
4.4 per cent of this series had severe blood loss, 2.¢., 400 cc. or 
over. Most incidents were explained on the basis of bleeding from 
the episiotomy or other operative wound, or lacerations or trauma 
during actual delivery. 

(6) 95.7 per cent of the cases were delivered vaginally, while 4.3 per 
cent were delivered by abdominal hysterotomy, after a test of 
labor of approximately 10 hours. 

(7) There were no maternal or neonatal deaths in this series. The ay- 
erage period of hospitalization was 10 days. In this series, there 
was one stillbirth. This occurred in a 22-year-old mother of 152 
Ibs. weight and 62 inches height, of 44 weeks’ gestational age, 
having 9} hours of labor, with uneventful prenatal course. She 
was delivered by low forceps extraction employing a medio-lateral 
episiotomy. The cord was found once around the neck, not too 
tightly. The immediate cause of death was undetermined. The 
pathologist’s report was ‘‘congestion of lungs with petechial hem- 
orrhages; congestion of viscera; dilatation of right ventricle; in- 
trauterine asphyxia.” The mother had no memory of labor but 
for vague recollection of actual delivery; she was delivered under 
low spinal analgesia without untoward effects of this anesthetic 
technique. What role Demerol may have played in this case will 
remain a mystery. 

(8) Immediate spontaneous respiration occurred in 29 per cent of the 
infants in this series; 46 per cent of the infants had slight delay 
of spontaneous respiration. Thus, 75 per cent respired satisfac- 
torily at birth. 22 per cent of this series were resuscitated with 
comparative ease, and 1.5 per cent with great difficulty. Thus, 
in this series 23.5 per cent required resuscitative measures at de- 
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livery. Once resuscitated, this group of infants were not as mark- 
edly depressed as the original series reported under Demerol 
from this institution. With but few exceptions, all mothers and 
babies were discharged well on the 10th post-partum day. In a 
control series of unmedicated patients reported from this insti- 
tution, 1.9 per cent of living full-term infants did not breathe 
immediately as soon as they were born. With the scopolamine- 
apomorphine series, 6 per cent of the infants required resuscita- 
tive measures at birth, but in this Demerol series 17.5 per cent 
more infants required resuscitation at birth. 
(9) The average case received four doses of Demerol, #.¢., 80 milligrams. 

The doses per case varied from 1-11, i.e., 20 to 240 milligrams. 
The average interval between the first dose of Demerol admin- 
istered and the time of delivery varied from 5-7 hours. The re- 
turn to consciousness following delivery, on the average, was 
from 3—4 hours. 

(10) The babies were independently examined by the pediatric staff on 
the day of delivery, as well as on the day of discharge. 


Conclusions 
Certain impressions have been gained from the current studies of this 
synthetic analgesic agent: 


(1) Demerol is not an amnesic agent. This impression is gained, also, 
from a study of patients in whom Demerol alone was the sole pre- 
anesthetic agent. 

(2) Thus far, we have not observed excitation when Demerol alone was 
employed. Furthermore, Demerol will counteract the excitation of 
scopolamine when used in sufficient dosage. 

(3) Demerol will provide a limited amount of psychic sedation for the 
obstetrical patient in the dosage range currently employed. It will 
produce less depressing effects than, e.g., morphine or its deriva- 
tives, in comparable dosages on the vital functions. 

(4) If a greater degree of analgesia and quietude of labor room is sought 
for, as compared to apomorphine, then the results are attained at 
a greater degree of depression of reflex irritability of the newborn. 

(5) Because of its ability to counteract some of the undesirable effects 
of scopolamine, its greater analgesic potency, its relative freedom 
from serious toxic reactions, and its availability for parenteral 
use, we shall continue to explore its possibilities to meet our prob- 
lems in obstetrical amnesia, analgesia, and anesthesia for the 
mother if no further hazards are added to the baby. 

(6) There is room for further development of analgesic drugs for obstet- 
rical purposes providing they are safer for mother and baby. 

(7) There is ample room for further development of scopolamine-like 
drugs, which may be of even greater value in meeting our require- 
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ments in obstetrics for more effective amnesia and analgesia for 
the mother without added risk for the baby. 


Finally, the enthusiasm and prevalent interest in these problems offer 
even greater hope for the future development of still better and safer 
agents and methods of relieving the pains of childbirth. 
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PRELIMINARY EXPERIENCES IN THE USE OF 
SOME OF THE NEWER ANALGESICS 
IN THE RELIEF OF PAIN DUE TO CANCER 


By R. W. HOUDE, L. H. RASMUSSEN, anv J. S. LADUE 


Memorial Hospital for the Treatment of Cancer and Allied Diseases 
and Sloan-Kettering Institute for Cancer Research, New York, N. Y. 


Introduction 
i Cae purpose of this paper is to report the results of a clinical trial 


of four synthetic analgesics in patients who had severe pain con- 
sequent to inoperable cancer. The physician caring for the patient with 
inoperable cancer is almost always confronted by the need for measures 
which will control pain without keeping the patient at or near narcosis. 
Although roentgen and even chemotherapeutic treatment may control 
pain for variable periods of time, the disease all too frequently progresses 
beyond or becomes refractory to such measures. Specific surgical pro- 
cedures such as chordotomy are often impractical and not always suc- 
cessful in their aim. The judicious use of analgesics then becomes, to- 
gether with superficial psychotherapy, the only available means of com- 
bating mentally and physically crippling pain. Known analgesics such as 
the salicylates, meperidine, morphine and its analogues, often leave 
much to be desired because of unfortunate side effects, increasing toler- 
ance, and drug addiction. 

The ideal analgesic should not only control pain without sedative ac- 
tion, but perhaps should also produce a mild euphoria. The search for 
such a drug has been, and is still being, diligently conducted by chemists 
and pharmacologists and has resulted in the synthesis of several promis- 
ing drugs. 

Four chemically different analgesics were supplied to us for study of 
the problem of pain in patients with inoperable cancer admitted to 
Memorial Hospital. Two piperidine derivatives, NU-896 and NU-1196; 

“methadone (Adanon hydrochloride or 10820), a drug made available in 
Germany at the end of World War II; and Metopon (methyl-dihydro- 
morphinone)? were investigated. The chemical formulae are given in 
FicuREs 1 to 3 (note the similarity between meperidine, NU-896, NU- 
1196, and methadone, as well as the close relationship between Metopon 

~~ and morphine). ; 
Metopon and methadone have been shown to have analgesic properties 
comparable to those of morphine.” ® 7% 19 No clinical studies of the two 
piperidine compounds have, as yet, been reported. However, animal 
experiments show that the analgesic indices of NU-896 and NU-1196 
approximate that of methadone; the relative safety of NU-896 is 4.8 times 
that of meperidine, while NU-1196 is 1.6 times safer than meperidine.* 11 
[ 161 ] 


162 Annals: New York Academy of Sciences 


| 2" | \ 
aw co0c, H, CH, CH; 
HAC CH, 
‘HOI 
HAG CH, 
N 
! 
CH, 
1- methyl - 4—phenylpiperidine — \,1-diphenyl—-1 (dimethylaminoisopropy!) —butanone~2 


4-carboxylate hydrochloride 


Ficure 1. Formulae for meperidine hydrochloride (left) and methadone hydrochloride (right). 


te) 
rt 
yates Hs Noe 


a. 


| 
CH,-C—CH 
3 H 3 


!= Isopropyl — 4 — pheny!- 4—proprionoxy- piperidine 4=-phenyl = 4-acyloxy- piperidine 
FIGURE 2. Formulae for NU-896 (left) and NU-1196 (right). 


ich, He 
APs #1 cn, 


Ho N-CHs 
¢ 


H 
2 methyldihydromorphinone 


FIGURE 3. Formulae for morphine (left) and Metopon (right). 


Houde et al.: Analgesic Effects on Cancer 163 


(Taste 1.) These results suggested that these drugs were worthy of clin- 
ical trial. a 


Tasxe 1 


Activity anp Sarery Marcin or Anarcrsics Given SuBCUTANEOUSLY 
(Ayimat Srupres) 


Drug LDsp AD Safety Relative safety 
mg./kg. 1.40 mg./kg. margin (meperidine=1) 
NU-896 65 3.0 21.6 4.8 
NU-1196 50 6.3 8 1.6 
Methadone 45 3.4 13 2.6 
Meperidine 250 50 5 1.0 


Method of Study 


The patient with severe pain due to cancer might, on first thought, 
appear to be an ideal subject for the study of the analgesic properties of 
any drug, but brief consideration will suffice to show that this is not the 
case. Most of these patients are apprehensive and depressed, and their 
reaction to pain is unpredictable. Many of them have several modalities 
of pain varying in intensity from time to time depending upon minor 
changes in position, the taking of food, or the elimination of excreta. 
Spontaneous exacerbations and relief of pain occur at unpredictable 
intervals. Our studies confirm the reported observation that data ob- 
tained on the pain response of animals or normal human subjects can- 
not be duplicated in patients who have experienced repeated painful 
stimuli over long periods of time.* Moreover, it is not feasible to con- 
tinue to administer relatively ineffective drugs to patients with severe, 
unrelenting pain and hence the extent of such studies must be limited. 
Despite these uncontrollable factors, we felt that a clinical investigation 
of these newer analgesics might demonstrate the usefulness of one or all 
of them in different situations. 

Taste 2 shows the disease processes responsible for pain in the 60 pa- 
tients studied and the drugs employed in each situation. In rasLx 3, the 
number of patients presenting different types of pain problems and the 
drugs used in each instance are listed. Many patients had more than one 
type of pain but, for simplification, an arbitrary classification based upon 
the localization of pain, as well as the nature and extent of the neoplastic 

process, was adopted. Thus, these 60 patients presented 117 different 
pain problems depending upon the extent, extension, and method of 
"production of the pain. ope 

Each patient was evaluated as to the type and extent of his disease, 
his nutritional and psychosomatic status, as well as his experience of 
and pattern of reaction to pain (TABLE 4). Daily examinations for sys- 
temic change were made. Observations as to the onset, height, and dura- 
tion of the patient’s reaction to pain were made at frequent intervals 
both after giving the trial analgesic and after administration of the 
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TABLE 2 
CLASSIFICATION oF Patients As TO DraGNnosIs AND ANALGESIC GIVEN 
Diagnosis Metopon NU-896 NU-1196 Methadone 


Lymphoblastomas 1 3 3 11 
Melanoma - 1 1 - 
Sarcomas — _ = 2 
Carcinoma: 
Head and neck S 
Breast - 
Lung - 1 
Gastrointestinal - 1 
Rectal = = 
G-U _ = 
Gynecological - = 
Abdominal, primary? - - 
Bone tumors: 


— 


_ 
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Multiple myeloma - = 1 
Osteogenic sarcoma - = = 1 
Endothelioma - - - 1 
Metastatic, primary? - - = 2 
Total: 5 6 10 50 
Tasce 3 
CLASSIFICATION OF Patients as TO Party anpD ANALGESIC GIVEN 
Localization of pain Metopon NU-896 NU-1196 Methadone 
Intracranial oa i! 1 4 
Cord, root or nerve trunk 1 3 S 14 
Visceral y) 4 8 20 
Bone 3 1 3 25 
Integumental: 
Pruritus ~ 2 1 8 
Ulceration 1 ~ ) 10 


7 "Tt megs el re 


standard analgesics employed for comparison studies. At first, an effort 
was made to obtain more objective data by measuring pain thresholds 
with the Wolff-Hardy-Goodell apparatus according to accepted tech- 
niques.’ It was exceedingly difficult to train these patients, since most 
of them were desperately ill. Few could cooperate when their pain was 
severe and, in many, basal conditions were unobtainable because of 
fever, cardiac, respiratory, or gastrointestinal distress. In the few that 
we were able to train, the results were so frequently inconsistent that it 
was impractical to continue the procedure. For example, one patient with 
extensive metastatic melanoma with cord lesions and radicular pain 
achieved an elevated pain threshold (250 to 360) after one of the analge- 
sics but complained of the return of pain in the region of his disease at 
the height of the pain threshold elevation. 

All of the patients studied had had pain for weeks or months and all 
had received several analgesics. In general, the salicylates, codeine and 
aspirin, meperidine, Pantopon, and morphine were used in that order 
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_- Tasre 4 


Mernop or Stupy 


_ Preliminary data: 
Age Diagnosis 


Nutritional status 


Psychosomatic status 


Data obtained before and at intervals after giving analgesic: 
Pain threshold as measured by Wolff-Hardy-Goodell apparatus 


Type, location and radiation of pain 


Pattern of reaction to pain (apprehensive, fear, depression, etc.) 


Subjective change: 
Onset of effect 
Height of effect 
Duration of effect 


_ Criteria used in evaluating pharmacological action: 


Nevuro-Muscurtar System 


Oruer SysTEMS 


Vegetative: Cardiovascular: 
Temperature (rectal) Heart rate and rhythm 
Skin blushing or blanching Blood pressure 
Dermatographia Respiratory: 

Cerebral: Rate and depth 
Alertness Apprehension Effect on cough reflex 
Depression Euphoria Gastrointestinal: 
Drowsiness Sleep Nausea or vomiting 
Dizziness Headache Abdominal distension 

Sensory: Cramps 
Paresthesia Numbness Diarrhea 
Hyperesthesia Constipation 

Motor: Genito-urinary: 

Effect on activity Pain 
Coordination Burning 

Special senses: Atony 
Pupil size Reaction Frequency 
Diplopia Nystagmus 
Tinnitus Blurring 
Acuity of hearing 


for ascending severity of pain. Control observations were made in these 
patients for periods of from two to seven days before administration of 
any of the test drugs. When their pain was more or less controlled by 
one or more of the above listed analgesics, the trial drugs were then given 
first in the minimal recommended therapeutic doses and then in in- 
creased dosages as indicated. The dosage of NU-896 was 7.5 to 15 mg. 
by hypodermic injection; that of NU-1196, 15 to 40 mg. orally and 
hypodermically; of methadone, 2.5 to 20 mg. orally and hypodermically; 
Metopon was given by mouth only in doses of 3 to 18 mg. At first, all 
_these drugs were given at four- to six-hour intervals and the dosages in- 
creased as the need for greater relief was manifested. If any degree of 
alleviation of pain was achieved, however, the interval was shortened as 
indicated by the duration of analgesia. When effective, the trial drugs 
were used over as long a period of time as possible in order to determine 
tolerance and toxicity. When the trial drug proved ineffective, the con- 
trol analgesic was re-administered and re-evaluated. The various test 
drugs were not compared with one another, except in a few instances, as 
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they were obtained at different times during the period of investigation, 
and because many of the patients flatly refused to continue with a drug 
which they, or their attending physician, knew to be ineffective. We were 
unable to judge the addicting properties or withdrawal symptoms of 
these drugs since all the patients required and were given other analge- 
sics when the trial preparation was withdrawn.8 


Results ; 

Taste 5 shows the results obtained with these four drugs when com- 
pared according to the various types of pain. The degree of analgesia 
was arbitrarily classified as 1, 2, 3, or 4. Grade 1 indicated that the pa- 
tients derived negligible analgesia. Patients with Grade 2 relief stated 
that the pain was somewhat less severe but that they were still definitely 
uncomfortable. Patients with Grade 3 relief were comfortable and able 
to carry on their activities, although when asked they stated that they 
were still aware of some dull pain. Grade 4 indicated that the patients 
were not conscious of any pain. 

Of the five patients receiving Metopon, only one, a patient with a 
large radiation ulcer of the cheek, obtained significant relief of pain. 
This drug was uniformly unsatisfactory in doses up to 18 mg. given every 
two to three hours by mouth in the other patients with nerve trunk, 
visceral, and bone pain, and either the patients or their physicians de- 
manded that they be placed on other medication. However, all of these 
patients had received other analgesics, and all patients but the one who 
did derive satisfactory analgesia had received morphine or Pantopon. 
Since Metopon was not available for clinical investigation and was diffi- 
cult to obtain, our series is necessarily small and therefore not conclu- 
Sive. 

None of the patients receiving NU-896 obtained satisfactory anal- 
gesia. Two patients experienced Grade 2 relief of pain, and one with 
severe pruritus (Hodgkin’s disease) some relief of itching. In none of 
these cases, however, was this drug as satisfactory as the previous med- 
ication. 

Grade 3 to 4 analgesia was obtained in only two of ten patients re- 
ceiving NU-1196. In a third patient, nerve trunk pain was relieved but 
visceral pain which developed subsequently was not. Thus, in only three 
patients with four pain modalities was satisfactory analgesia achieved. 

Thirty-three of fifty patients who received methadone obtained Grade 
3 to 4 analgesia. When grouped according to types of pain, as in Ta- 
BLE 5, 59 per cent of the pain problems were satisfactorily controlled by 
this preparation (3 to 4 relief). When patients with pruritus were ex- 
cluded, this percentage was raised to 63 per cent. 

In TABLE 6, the time of onset and average duration of action of the 
drugs is noted and compared as to the route of administration. The on- 
set of action was, in general, 15 to 30 minutes sooner when the drug was 
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TABLE 6 


Comparison or Errecrive ANALGESIA wITH Drues TESTED 


Dose Onset Average duration (range) 
(mg.) (minutes) (hours) 
Metopon (oral) 3-18 30 9% 
NU-896 (hypo) —-7.5-15 20-35 14 fon 
(oral) 20-40 30-60 14 (1-3 
Nae { (hypo) 20-40 15-30 2k (4-8) 
(oral) 2.5-10 30-60 4 (1-12) 
Methadone} (nyo) 5-20 15-30 4 (1-8) 
* One case. 


given hypodermically than when given by mouth. The average duration 
of analgesia in individual patients is indicated in parentheses. The over- 
all average for all the patients is indicated by the preceding figure in 
this column. The single patient in this series who responded to Metopon 
noted appreciable analgesia for two hours only. Those who noted any 
effect from NU-896 noted pain relief for an average of one to two hours, 
or an overall average of one and a half hours. NU-1196 given orally 
showed an average duration of analgesia of one and a half hours, with 
a range of from one to three hours. When given hypodermically, the 
average duration of analgesia was two and a half hours, with a range of 
from one to five hours. Methadone, either by mouth or hypodermically, 
produced analgesia of about four hours’ duration. The average dura- 
tion in individual patients ranged from one to twelve hours by mouth 
and one to eight hours by hypodermic injection. It is to be noted, how- 
ever, that those who received the drug parenterally were as a rule more 
ill and apprehensive and, as far as could be judged, were experiencing 
more severe pain. 

When the effects of oral and hypodermic administration of NU-1196 
and methadone were compared, as in TaBLE 7, both routes appeared 
equally effective. However, this, too, was more apparent than real and 
resulted from the selection of patients. Patients who had been receiving 
analgesics parenterally prior to the giving of the trial analgesics were 
usually given the new drug by the same route so that they would not be 
aware of any change. This was done in order to minimize the psychologi- 
cal effect of a “new drug” on the patients’ experience of pain. In the few 
comparisons that were made, patients receiving hypodermically admin- 
istered medication did not in any instance derive satisfactory analgesia 
with orally administered analgesics even though the dose was often twice 
as much. However, in two of three patients who were given NU-1196 
orally with no appreciable effect, subsequent hypodermic injections in 
the same dosage were effective. When methadone was given subcutane- 
ously, approximately one-half the dosage was required to produce the 
same effect as when it was given orally. 

In Taste 8, a comparison of the relative analgesic efficacies of the 
trial and standard drugs is presented. A comparison of the effect of the 
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trial analgesic with one or more of the opiates in general use for pain re- 
lief was made in all the patients in this series. In doses of 3 to 19 mg. by 
- mouth, Metopon was inferior to morphine, Pantopon, and codeine and 
aspirin. However, the one patient cited above preferred 3-mg. doses of 
_ Metopon to 50 mg. of meperidine, but not to oral doses of 5 mg. of meth- 
adone or 10 mg. of morphine. NU-896 was inferior in dosages of 7.5 to 15 
mg. to 10 mg. doses of morphine or Pantopon, although 15-mg. doses of 
NU-896 were preferable to 100 mg. of meperidine in one of two patients. 
NU-1196 in doses of 20 to 40 mg. was less satisfactory than 15 mg. of 
morphine in seven patients, and than 10 to 30 mg. of morphine in six 
patients. Two of four patients preferred 20-mg. doses of NU-1196 to 50 
to 100 mg. of meperidine, and one patient preferred 40 mg. of NU-1196 
to 100 mg. of meperidine. In two of four patients, 20 mg. of NU-1196 
was more satisfactory than 65 mg. of codeine together with 650 mg. of 
aspirin, but in two of four patients 30 to 40 mg. of the test drug was less 
satisfactory. 

Methadone in 2.5 to 7.5 mg. doses was preferred to 10 to 15 mg. of 
morphine in only two of thirteen patients (15%), but in 10 to 20 mg. 
doses was preferred in eight of eighteen (45%). Two patients who were 
addicted to morphine and were receiving 292 and 455 mg. of morphine 
daily in doses of 32 to 100 mg. every 46 hours were not well controlled 
with methadonein 10-mg. doses, although, upon the insistence of the phy- 
sicians attending these patients (who were approaching terminus), this 
was not pursued to a conclusive test. Six of fourteen patients (43%) pre- 
ferred methadone in 10 to 20 mg. doses to 20 mg. of Pantopon, but in 
two of these, methadone in 5-mg. doses was unsatisfactory. Six of twelve 
patients were better controlled with 2.5 to 7.5 mg. of this drug than with 
50 to 100 mg. of meperidine, and eighteen of nineteen (94%) with 10 to 
20 mg. of methadone than with 100 mg. of meperidine. Twelve of fifteen 
patients preferred 2.5 to 7.5 mg. of methadone to 30 to 65 mg. of codeine 
(usually combined with aspirin), and in sixteen of seventeen (93%) 10 to 
20 mg. doses were preferable to these same amounts of codeine and as- 
pirin. The “preference” for a given analgesic was determined not only 
by the patient’s stated opinion but also by the observers’ estimation of 
the degree and duration of pain relief, and the presence or absence of 
side effects. 

The majority of patients at Memorial Hospital are admitted for sur- 
gery. Our aim, however, was to study analgesics in those in whom the 
_-relief of pain was the primary consideration, and since the majority of 
patients in our series had inoperable cancer, their admissions to the hos- 
pital were scattered over the period of study. This, plus the fact that all 
the trial drugs were not made available for use at the same time, inter- 
fered with attempts to compare these drugs with each other. The com- 
parisons that were made indicated that methadone was superior to the 
other three, but there were too few of these to be considered significant 
and, hence, these data are not presented in table form. 
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TABLE 9 


IncrpENce oF Sipe EFrrecrs 


Metopon NU-896 NU-1196 Methadone 
am aS oo eee 
Dosage (mg.):—3-9 12-18 7.5 18 20 30-40 2.5-7.5 10-20 

Fall in blood pressure 1 
Respiratory depression 1 
Dizziness 1 1 
Nausea or vomiting Q 
Diaphoresis 1 
Paraesthesias 
Sedation* 3 2 2 
Suppression cough* 2 
Total side effects 0 0 0 0 O 4 3 9 
Side effects excluding * 0 0 0 0 0 1 1 5 
Per cent side effects excluding * 0 0 0 0 Oo 10 2 10 


* Excluding sedation and cough suppression as undesirable side effects. 


TABLE 9 indicates the incidence of side effects of these drugs. No side 
effects were noted when Metopon or NU-896 was given. One patient 
who received 40-mg. doses of NU-1196 developed diaphoresis. Three 
patients receiving 30 to 40 mg. doses developed sedation to the point of 
hypnosis. One ambulatory patient receiving 5 mg. doses of methadone 
complained of dizziness and in two bed-ridden patients sedation was 
noted after 5 to 7.5 mg. doses. With doses of 10 to 20 mg., one ambula- 
tory patient developed dizziness and in two patients the drug had to be 
discontinued because of nausea and vomiting. In two patients, moderate 
sedation was noted and in two, definite suppression of the cough reflex. 
Only one patient exhibited a fall in blood pressure and depression of the 
respiratory rate. This patient, who was dying of widespread reticulum 
cell sarcoma, was receiving 20 mg. of methadone every two to three hours 
and as much as 120 mg. per day, developed marked sedation, suppres- 
sion of the cough reflex, a fall in blood pressure from 120-130/80 to 90- 
100/60—70, and a fall in respiratory rate from 24 to 12 per minute. No 
other toxic effects such as miosis, euphoria, skin rash, constipation, or 
changes in blood counts or blood chemistries which could be attributed 
to the drug were noted, although one patient received a total of 1195 
mg. of methadone over a period of 127 days. Thus, toxic effects were ob- 
served in no patients receiving Metopon or NU-896, in 10 per cent of 
those receiving NU-1196, and in 12 per cent of those receiving metha- 
done. It is interesting to note that none of the patients developed con- 
stipation while taking the trial analgesics. Two patients who had de- 
veloped annoying constipation while taking opiates noted a return of 
normal bowel habits when given methadone. 

Increased tolerance to an analgesic dose of NU-896 was striking and 
developed within two to three days in all the patients to whom this drug 
was given. The one patient who derived any pain relief from Metopon 
showed no increased tolerance but was observed for only two weeks. 


Houde e al.: Analgesic Effects on Cancer 173 


Three patients who received NU-1196 for from two weeks to three 
months were noted to have attained an increased tolerance, developing 
within the first week. However, another patient received from 40 to 60 
mg. of NU-1196 by hypodermic injection daily for four months with- 
out showing an increased tolerance. Only two of the patients given meth- 
adone required increasing amounts of this drug for relief.’ Six patients 
who received methadone for from eighteen to 127 days failed to display 
increased tolerance. Since none of these patients was ever without some 
analgesic drug, it is impossible to state whether or not withdrawal symp- 
toms might have developed. 


Summary and Conclusions 
(1) Four synthetic analgesics were given to sixty patients with persist- 
ent severe pain due to cancer and the efficacy of each preparation 
was estimated. 
(2) NU-896 did not produce satisfactory analgesia in any of the six pa- 
tients to whom it was given. 
(3) NU-1196 gave effective relief of pain in two of ten patients. 
(4) Metopon gave adequate relief to one of five patients. 
(5) Methadone produced satisfactory analgesia in thirty-three of fifty 
patients. 
(6) 10 milligrams of methadone appear almost as effective as 15 milli- 
grams of morphine. 
(7) 10 milligrams of methadone were almost uniformly preferable to 100 
; milligrams of meperidine or to 65 milligrams of codeine. 
(8) No side effects were noted with NU—896 and Metopon. 
(9) Side effects were noted in 10 per cent of the patients receiving 
NU-1196 and in 12 per cent of those receiving methadone. 
(10) Increased tolerance occurred in all patients receiving NU-896, in 
three of four patients who received NU-1196 for more than two 
weeks, and in two of ten patients receiving methadone for more 
than two weeks. It was not noted in the single patient receiving 
Metopon for a period of two weeks. 
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